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ABSTRACT 


The field of computer graphics applied to three-dimensional space 
is introduced through a discussion of perspective transformations, 
data structure, contour lines, and the problem of hidden-line removal. 
The transformation of three-dimensional coordinates into two-dimensional 
picture-plane coordinates is developed for twelve degrees of freedom, 
allowing the simultaneous movement and rotation of both the object 
under view and the observer. Basic concepts and requirements for the 
structure of data and ideas for the use of contour lines are discussed 
as a relative part of the field of three-dimensional computer graphics. 
An algorithm for the removal of hidden lines is explained for the case 
where the objects under view can be assumed to be constructed of bounded 


plane surfaces. 
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I, INTRODUCTION 


Visualization in three-dimensional space is difficult for many 
poople. If three-dimensional data is entered into a computer, and the 
computer can subsequently draw a perspective view from any given aspect, 
the visualization problem will have diminished to one of selecting the 


most CONVeEnIent view or views. 


Pee, CHE SPE TURE COMPLEXITY 

A camera in taking a picture will furnish a perspective view of 
whatever lies in front of the lens within the limits of view. Similarly 
a computer can be made to draw a picture of an object about which dimen- 
sional information has been given. 

The actual picture drawn is, of course, dependent on the input 
information, and detail will be reproduced accordingly. If enough 
detail is given--i.e. point by point--a picture quality reproduction 
would be possible. However, when one considers the number of points 
involved, it becomes apparent that the task for point-by~-point pro- 
cessing is prohibitive in both storage and time. 

On the other hand, if the information can be reduced to a simpler 
structure, the computer can handle the reproduction with much greater 


ease and considerably less memory. 


B. TYPES OF THREE-DIMENSIONAL DISPLAYS 
Several types of 3-D displays are possible. Characteristics of each 


type are discussed by Vlahos [Ref. 4€&] and are briefly summarized here. 


1s 


leseudo 2-DeDis play 


Pseudo 3-D is a technique to give the illusion of three dimen- 
Sons  DUeRoOn ly wiOlOCn  abhecues ware 2iven The simplest of all pseudo 
3-D) displays is the perspective display. Addition of other cues such 
as shadow patterns, line size, motion cues, and brightness would add to 
the three-dimensional effect, but the display would remain a Pseudo 3-D 
display. 

2 seereoscopica. -D Display. 

Contrasting with the Pseudo 3-D display is the Stereoscopic 3-D 
display. This technique employs binocular cues. Two images are formed, 
with only slight differences between them. The differences correspond 
to the different images that the right and left eyes would see. One of 
the most familiar techniques is to make the images of different colors 
or polarizations and then view the images through special glasses. The 
eyes then give the appropriate binocular effect. 

3. Volumetric 3=D Display 

In the Volumetric 3-D display, the display device itself is 
three-dimensional and for that reason Volumetric 3-D displays are 
limited in size. The span between the eyes in this case supplies the 
binocular cues. The information being displayed is itself in three 


dimensions. 


C. IMPLEMENTATION 

The assumption made for this study is that objects to be displayed 
will be represented by plane surfaces which are limited by their inter- 
sections with other plane surfaces. The computer operates on the 
deseribineg data entered and computes the lines to be drawn for the 


Psetido 3-D picture. 
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1. The Basic Transformation 
The basic perspective transformation must occur on the points 
or nodes defining the object. Chapter II presents the basic three- 
dimensional transformation and includes a discussion of rotation and 
movement of the object, perspective transformation, offsets from the 
picture center, and a scale factor which is inversely proportional to 
magnification (where a scale factor of 1/2 corresponds to a magnification 
of. 1). 
2. Extension to Include Viewing Plane Movement 
Chapter III extends the results of chapter II to include the 
movement of the viewing plane. The capability introduced here is to 
allow the independent movement and rotation of the object and viewing 
plane. The effect is similar to an aircraft flying around an aircraft 
carrier. The aircraft and ship's motion combine to introduce twelve 
degrees of freedom. 
3. Storage and Access Requirements 
Whenever data must be entered and stored in a computer to be 
utilized for some computation, a problem exists that generally has 
conflicting requirements, especially when large amounts of data are 
required. Storage in the computer should be kept to a minimum, but 
the data must be easily and preferably quickly available. Storage 
requirements may be reduced by placing or packing more than one piece 
of data in one computer word. Packing allows savings in storage but 
increases the time required to access the data. Chapter IV discusses 
a few basic data structures, finishing with a complex structure used 
‘ 
to draw with the hidden line removed. The wire frame model is of course 


much simpler and quicker to draw than the object with hidden lines 
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suppressed. Appel [{Ref. 2| defines a ratio of the time to draw the 
wire frame model to the time to draw the model with hidden lines 
suppressed and suggests that this ratio is a good machine-independent 
meastires Of the veritciency of the hidden-line removal program. For 
assemblies of planes bounded by line segments and visibility determined 
by point-to-point examination, the time required to draw with hidden 
lines removed is from 100 to 1000 times the time required for the wire 
frame drawing. Appel was able to achieve ratios of from 10 to 20 with 
his method of quantitative invisibility. A definite ratio cannot be 
set for any method since this value will vary with the complexity of 
the drawing and the orientation of the view. The method of Galimberti 
and Montanari [Ref. 18] follows Appel's method with modifications, and 
should be slightly faster. 
(ae CONmoUreineS 
A brief discussion of contour lines is presented in chapter V. 
Morse [Ref. 34] gives a formal mathematical presentation of contour lines 
and suggests that as methods for handling contour lines are developed, 
greater usage will ensue in the various branches of engineering. 
5. Hidden-Line Removal 
The hidden-line elemination is discussed in chapter VI using a 
combination of the methods of Galimberti and Montanari [Ref. 1€] and 
Appel [Ref. 2] with modifications when they were desirable. The 
algorithm and implementation is discussed in this chapter with 
illustrations for various cases included. 
6. Summary 
A summary is found in chapter VIII with a brief discussion on 


program length and efficiency, as implemented on the SDS 9300 and the 
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IBM 360-67 located at the Naval Postgraduate School. Recommendations 
for future development are also found in this chapter. 
/. Appendixes 

Appendix A consists of a Glossary to aid the reader in follow- 
ing terminology and conventions developed throughout the various 
ehaptencr 

Appendix B is a brief summary of programming changes necessary 
between the FORTRAN IV of the SDS 9300 and the FORTRAN IV of the IBM 
BO! 

Appendix C contains instructions for tne use of sane peos.am 


written to demonstrate the algorithms developed. 
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II. THREE-DIMENSIONAL PERSPECTIVE TRANSFORMATION 


For the transformation of three-dimensional coordinates into 
pseudo 3-D coordinates, both digital and analog techniques have been 
used. The algorithms examined in this treatment of the Subject are 
applicable to either or both methods of implementation. The general 
method as implemented in a machine-independent higher-level language 
is examined without regard to hardware. The transformation presented 
here is an adaptation and an extension of the transformation by L. G. 
nig Dice Gua Reshma 

The desired degrees of freedom for the transformation include the 
rotation of the object, the movement of the object, the orientation of 
the viewing plane, and the movement of the viewing plane. This chapter 
will discuss the basic transformation for the rotation and movement 
Gi the object. “Thea tolWowing chapter will fextend sthe wi rans format tem 
to include the movement and orientation of the viewing plane. Motion 
of the viewing plane corresponds to motion of the observer. The trans- 


formation will utilize homogeneous coordinates. 


A. THE AXES 

There are three different right-hand orthogonal axes involved in 
the presentation which follows. These axes are the reference axes, 
Cie Objectranes, and he, Viewing prance. co ae) aie SC iad pt LOM Om 
Cian of the sets Of axes will help ineunderctandine scene chapter 


development. 
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l. The Reference Axes 
All movement of the object axes and the viewing plane axes is 
in relation to a set of reference axes. The reference axes are aligned 
with the object axes and the viewing plane axes when no movement or 
rotation is present in either the object axes or the viewing plane axes. 
The reference axes are labeled X uC and Z . Figure 1 shows 


Ref’ Ret” Ref 


the three sets of axes in correspondence. 
eee, Une Ob jectoAxes 

Consider an object located in a coordinate frame with axes u, 

v, and w. Figure 2 shows this set of axes by itself, along with the 
directions of positive rotation. 

Each object or group of objects is considered as if it had its 
own axes about which it must be rotated and which will hereafter be 
called the object axes to distinguish them from those of other co- 
ordinate systems. The order of rotation is important. All rotations 
are obtained by rotating two of the object axes about the third axis. 

Rotation about the w axis is first and is measured by angle n. 
Axis u rotated into axis v defines the positive angle. This rotation is 
measured from the reference axes. Rotation about the v axis is second, 
and this is measured by R. The positive angle is defined by the dir- 
ection of w rotated into u. This rotation is referenced to the rotated 
object axes. Last, rotation of v into w (about the u axis) is the 
positive angle y. This rotation is also referenced to the rotated 
object axes. These angular rotations result in Euler angles similar 
to those described by Howe [Ref. 50]. The appropriate direction cosines 


are listed later in this chapter. 


ke, 





FIGURE lL 


OBJECT AXES, VIEWING-PLANE AXES, AND REFERENCE AXES IN CORRES PONDENCE 





u 


FIGURE 2 


OBJECT AXES AND POSITIVE ROTATIONS 
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3. Viewing-Plane Axes 

The object axes must now be placed in the coordinate system 
where it will be viewed. This coordinate system will be labeled x, y, 
and z. The relationship between the two systems is shown in Figure 3, 
with the reference axes corresponding in this case to the viewing-plane 
axes. 

The viewing plane is the yz plage at —s0 awdth lita Ges Soke de 
in both y and z. Translation is measured in xyz coordinates from the 
xyz origin to the object axes origin. The translation coordinates will 
be called Xa Yrs and Zn: 

The viewer looks into the negative x half-space. The positive 


u axis extends from the origin of the object axes toward the viewer, 


when no rotation and no Y or Z translation is present. 


B. PERSPECTIVE TRANSFORMATION 

After rotation and translation, a perspective transformation is 
made. The focal point is located on the positive x axis. Roberts 
[Ref. 29] makes a comparison to a camera with one difference. The 
focal plane in this case is between the focal point and the object. 
The picture is square in this case, and is centered on the axis which 
also contains the focal point. Figure 4 shows a basic comparison. 
The ratio of the distance between the focal plane and the focal point 
to the distance between the center of the picture and one edge is 
approximately 3:1 or 4:1 for the standard camera lens (i.e. excluding 
telephoto and wide-angle lenses). For a telephoto effect, the distance 
between the focal point and the focal plane must be increased. Con- 


versely, decreasing the distance yields a wide-angle effect. 


Zi 





FIGURE 3 


PLACEMENT OF OBJECT AXES IN VIEWING COORDINATE SYSTEM 





FIGURE 4 


RELATIONSHIPS OF VIEWING PLANE, FOCAL POINT AND OFFSETS 
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CS OFFSED 


It is possible, after taking a picture, to enlarge any section of 
it, centered anywhere in the picture. In the frame of reference used 
here, the distance from the center of the total picture to the center 
of the enlarged picture is measured as a y-offset and z-offset, called 


a and Zo: Figure 4 also shows the offset relationships. 


ee OGALE 

To control the magnification, another factor is introduced. This 
factor is called the scale. Scale is the normalized distance measured 
from the center to one edge of the picture. For a full size picture, 
scale is equal to 1/2. When an offset is introduced, scale should be 
decreased, giving an enlargement effect for that section of the picture. 
Standard cameras have a ratio of scale:focus in the range of 1:3 to 1:4. 

Another way of looking at scale gives perhaps a better understand- 
ing of its function. The limits in the viewplane were set at + 1, but 
when the limits are multiplied by scale for the usual case, an effective 
change in limits occurs, resulting in new limits of + 0.5. This then 
gives a picture of a normalized size of 1 from top to bottom or from 
left to right. The corresponding angle for a focus located at x = 2 
is + 14 degrees vertically and horizontally from center. 

The picture will always fill the entire focal plane area. Ifa 
meme of 1/4 is chosen for scale, the result will be that the center of 


the picture is enlarged by a factor of two to fill the focal plane area. 


E. ROTATION 
In considering the rotation of the object, two basic choices of 
rotation are possible. The choice is between rotation employing Euler 


angles and rotation about fixed axes. 


Z3 


1. Euler Angles 


Euler angles are employed when the coordinate axes rotate with 
the object. Angles used to measure yaw, pitch, and roll of an air- 
craft are an example of Euler angles. Pitch, for example, is always 
measured in the vertical plane which contains the longitudinal axis of 
the aircraft, and roll is measured about the longitudinal axis. 

Modification of coordinates of a point due to Euler rotation 


can be found by the matrix 


Ap AD AS 

ae : 

*i Vi se) ja ga fig rm er Sh 
Pee 3e 


where (X, Ye» Z.) are the viewing plane coordinates, 


(tee Vo w,) are the object axes coordinates, 
6 


it 
and (A, wu,  ) are the directional cosines for the angle that the 
uvw axes make with the xyz axes. Specifically, the direction cosines 
are 

Ay = cos R cos a 


dy = cos 2 sina 

A. = =Simes 

Uy = -cos y sin a+ sin y sin 8 cos @ 
Uy = cos % cos 7 + SIM) ¥¥sin 6 Sine 


U3 = sin y cos @ 


ae sin y sin qa + cos y sin 8B cos @ 
Vo = -sin y cos q@ # cos y sin FP sin @ 
V3 = cos 8 cos y 
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2. Fixed-Axes Rotation 
If rotation is made about a specified inertial or reference 
axes, the rotation will be of the fixed type. Consider the picture 
window view of an object. If rotation is always made in reference to 
the picture window, the axes of rotation (the picture window and its 
perpendicular) are fixed. 
The same matrix can be set up for fixed-axes rotation using 


direction cosines, but the direction cosines will be different in this 


case. The direction cosines can be found by rotation of each angle in 
Eurt. 

Becton Biatiaae boeaeienl 

. by by by 

Oo 8 | y 


= ae =. 


This is accomplished by 


Gos sina 0 cos R @) -sin 8B 1 @) 0 


_-sin a eos o 0 0 1 0 0 eos 7 sin 7 
0 0 1 sin 0 cos 8 0 -sin y cos y 


which in turn simplifies to 


ee 
ei lee Ite 
a —5 V3 


where the direction cosines are now defined as 


At = cos q@ cos 8 
’ ( . 
| 
5 ="sin'@ cos 7 +Esim > cos iaesin 
\ ) 
H 
ro = sin qa sin y - cos y sin ®& sina ( 1 
Uy = -cos 8B sina 
U, = cos y cos a - sin y sin 8 sing 


ZS 


f' ff - 


— 


U, = sin y cos @.t7. cos 7 sin @ sin 6 


Vv, =/sin R 

l t 
V5 = -Sin y cos 8 
v5 = OC e@e aS 


3. Choice of Rotation 
Both types of rotation have been used for display. It was 
decided that for display of the object, the rotation utilizing Euler 
angles would be the easiest to visualize, provided that the axes or 
some indication of a axes could be displayed. 
The fixed axes rotation is also needed and is used in another 


context. This will be discussed in the following chapter. 


F. HOMOGENEOUS TRANSFORMATION MATRIX 
By utilizing homogeneous coordinates, the functions of rotation, 
translation, perspective, offset and scale can be combined into one 
matrix. To accomplish this with the rotation matrix, a fourth co- 
ordinate is added to the three-coordinate system and can be considered 
as a variable scale factor. If the original coordinates are 
(X YZ), 


the new coordinates are 


Co me “Hee 


where 
Xe = w,,X 
Vy = wy 
Zu = WZ 


Of course if w, = 1, then x, = x 


’ = yearned a = Z. The factor w 


Yy H 


may be any positive number, and can handily be chosen as a normalizing 
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factor when using fixed-point rather than floating-point computers. 
Tie factor Wh can be changed for each set of coordinates defining a ' 
point since the factor cancels when converting to the display co- 
ordinates. Therefore when using a normalizing factor, each set of 
coordinates defining a point can be individually normalized. For 
floating-point operation, the factor is chosen as 1.0 to reduce the 
Operations necessary. 

Modifying the rotation matrix for the homogeneous system yields 


the following 4 x 4 matrix, 


v v nv) 0 


0 0 0 1 


which reduces to the unit matrix if no rotation is present. 


The translation matrix is simply 


Wy 0 0 0 lt 0 0 0 
0 W 0 O . 0 l 0 0 
H = Ww 
H 
0 0 Wy 0 0 0 It 0 
Xn Yr ep "y ! Xn Yr an l 


—- 


A A A 0 


Uy U5 U, 0 


zy 


The perspective transformation matrix is 


= | va 
| a = 
/F 0 0 FE Oe 
| | 
lo F O00 ‘0 1 0 O 

0 0 F QO ee) eal 
(0 0 0 F a OO 


| Sua l — 


where F is the distance from the viewing plane (the yz-plane at x = QO) 
tomehe focal point. 


The offset matrix is 


where Yo and Zo are the new centers of the picture. 


The scale matrix is simply 


0 0 0 | 
1 0 0 | 
ot cm 
0 0 Ss) 





where S is the measure scale. 
Combining all the functions into one matrix, thus 
[ROTATION] [TRANSLATION] [PERSPECTIVE] [OFFSET] [SCALE] 


yields the H transformation matrix, where 


— 


| YyQ,)/F 3-2 (0,)/F —-8Q,)/F 1} 
fu, My -¥(u/F 9g -Z) Qu, )/F _-S(u, )/F 

H = wF } . 
Vy Tre Pe 7a OSL 1 | 
Xp ae Eyes -~F)/F are Z (Xa -F)/F 8 (Xq-F)/F | 
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When a point is to be transformed, it must be expressed in homo- 
eneous Coordinates. Thus the points.) YY.) 2.) becomes. 2 w..). 
S P ( li i? ( aD Yi 1 re 


The transformation is then made by post-multiplying the point matrix by 


the H transformation matrix. Thus, 


oe oe ae a Saas 
lei Y 1 2, wy | {| = (1%) ¥. Ze | 


where the primes now denote the complete perspective transformation. 


G. DISPLAY COORDINATES 


To obtain the display coordinates, division of the homogeneous 


transformed coordinates must be made by the a coordinate. Thus, 
a ' ' 
ote ey 
ee ' 
Z, 24 /w, 


' 


1 1S wiih Cui C hime ceed ts = 


where Y,! is the horizontal displacement and Z 


placement. The coordinate x! is an indication of depth and can be 
used for depth cues. 

Since the factor wyF appears in every homogeneous transformed co- 
ordinate, it will eventually be cancelled in arriving at display 
coordinates. There is no change if the factor is set to 1.0 in these 


transformations, and computing time can be reduced by eliminating 


several operations. 
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IIft. MOVEMENT OF THE VIEWING PLANE 


Previously, movement of the object axes utilizing both rotation and 
translation was accomplished. Related to the movement of the object 
axes is the movement of the viewing plane to some arbitrary point and 
the orientation of the viewing plane to some arbitrary direction. The 
movement of the viewing-plane axes corresponds to motion of an observer. 
An aircraft flying around a fixed object and viewing the object from the 
various sides is an example of this capability. 

It can be seen that the two situations can be thought of as the 
same, but with a change in reference. One might argue that there is 
really no difference and therefore unworthy of consideration as a 
Separate problem. However, if one considers that possibly both the 
object and the viewing plane could move, a much larger set of appli- 
cations is possible. 

Consider again the aircraft as an example. This time let the air- 
craft fly around an aircraft carrier. The carrier has motion about 
each of its three object (ship's) axes. The aircraft, which contains 
the viewing plane, is moving about some inertial reference. The view- 
ing plane therefore is moving in respect to a stationary point in some 


inertial frame. 


A. THE HOMOGENEOUS MATRIX 
Implementation of the movement in each of the three dimensions can 
be easily accomplished by retaining and expanding the previously 


developed matrices. 
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For illustrative purposes, write the matrix transformation already 


derived as 


= —* l am = 
a | SSS l ; 
hy hy Ag 0 1 0 0 E To ; 00 0 E 000° 
, | 
joc s eee 0 !'010 0 OL 0) meonmieone 
via ! 
SS) | | il 
ae 0 0 0 001 0 00 1 0 (0 Lo 
0 0 0 L Xp Yq Sp ; Ee oon = + i ae = eg eee = 


Combining the last three matrices yields 


——-- 


— a : on 
hy do he Oo' 1 0 0 0 i Y,/F Z/F S/F 
| ! 
7 Up My 0 é 0) SO ee 1 0 0 
ae, 0 0 oO i 6 0 0 l 0 
imi 0 1 ule vou 0 Cer S 


_ 1 Die : O 0 
It is now necessary to have agreement on whether the translation of the 
viewing plane or the orientation of the viewing plane comes first. 
Trans lating the viewing plane to some point and them orienting it in 
the direction desired was considered to be easier to visualize than 
order of 


first orienting the view-plane and then translating it. The 


rotation when re-orienting the view-plane must also be specified. The 
Same convention that was established with the object axes will be used 
with the viewing plane axes. Rotation (yaw) about the z axis is there- 
fore measured first by the angle PSI. Pitch about the y axis is mea- 
sured next by the angle THETA. Roll about the x axis is measured last 


by the angle PHI. 


B. TRANSLATION OF THE VIEWING PLANE 
Translation of the viewing plane is really the same as a negative 
Let the object axes 


translation by the same amount of the object axes. 


rans lation from the reference axes be 


cml 


xop «OB “OB 


and let the viewing plane translation from the reference axes be 


Xp ‘Vp AUP: 


Let the resultant translation be 








Xo Ye a 
Then 
Seo oy | ee Os 
7 | Perspective 
= te li 0 0 1 0 0 Offset 
H = | Rotation | Scale 
' Trans- ; 0 0 1 0 0 1 0; Trans- 
| formation c | formation 
Z ies ae. . 
Xop Yon “on + | | —*vp “‘vp “vp } 
Object-Axes Viewing-Plane 
Translation Trans lation 
20.070 
H =| Rotation Perspective 
Trans- Oe ts Oc a() Offset 
formation Scale 
Ome0: 10 namie 
x. a Z. if 
where the resultant translation (X,. Yep Zz) is 
Xp = Xop yp 
Yr = Yop ‘yp 
Zila 


Let a point being transformed be represented by the vector P, where 


aa E eH a} 


P| [ Rotation | 


Then 


a2 





results in the coordinates of the points after rotation, expressed in 
viewing-plane coordinate values (corresponding to the reference plane 
since the viewing plane has not yet been moved). Call the resultant P’. 


Then translating both the object axes and the viewing-plane axes 


es. oa 
KeueAeaon| [Translation 
Py wine | Po ae 


ai Ness ARS ome ‘ 


results in the coordinates of the point after rotation and translation 





pi | 


of both the object axes and the viewing-plane axes, expressed again in 
the new viewing-plane coordinates. Call this resultant P''. At this 
point, of course, the reference axes and the viewing-plane axes no 


longer correspond. 


C. ORIENTATION OF THE VIEW- PLANE 
Re-orientation of the view-plane at this point can be looked upon 


'w'. These new object 


as a rotation of a new object axes, say u' v 
axes correspond to the viewing-plane axes before rotation and the co- 
ordinates P'' which were found in the previous steps. If the axes did 
not correspond at this point, it would be necessary to evaluate new 
translations brought about by the reorientation of the viewing plane. 


In this example however, the axes were made to correspond. 


Rotation of the axes now is a simple matter. Rotation of the axes 


ote 


a ec N, 


is the negative of the viewing-plane rotation. However, the rotation 
of the object axes in this context must be around a fixed set of axes, 
the fixed axes corresponding to the axes of the viewing plane. If 


rotation utilizing Euler angles were used, the second rotation would 


be about the rotated object axes instead of the new viewing-plane axes. 
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After multiplying by the fixed angle rotation matrix using the nega- 
tive of the orientation angles, the rotation-trans lation-orientation 
solution is complete. For the perspective view, multiplication by the 


combined perspective-offset-scale matrix completes the transformation. 


D. SUMMARY 


It has been shown that translation and viewing-plane orientation 


can be accomplished in one matrix transformation, namely, 





PA, AD Ag Ps ie 0 Lupita arie sa 
ida he © | UE heer — Om 
H = { 
a 2 v3 0 eT Yo V3 0 0 0 1 0 
x, vec Gr™0: 176 4) DM ae S 
Object Axes Viewing Plane Transformation 
Rotation Orientation Perspective 
(Euler (fixed Offset 
angles) axes Scale 
Trans lation rotation) 


Viewing Plane 


Trans lation 
In implementing this, the first rotation matrix and both trans- 
lation matrices are combined. The result is post-multiplied by the 
viewing-plane orientation matrix. The result is modified to reflect 
the scale and perspective transformations and if offsets are present, 
that modification is also made. The result remains a 4 x 4 matrix that 
can be used to transform all the points to be displayed and that need 


be calculated only once for each view desired. 
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IV. DATA STRUCTURE 


The type of data structure to be used in any given graphics program 
is greatly dependent on the purpose and nature of the program. The 
complexity can vary greatly due to the variety of applications. Three- 
dimensional data structures will necessarily be more complicated than 
two-dimensional data structures. A graphics program that will be 
modified on-line requires a higher degree of complexity than one which 
makes no provision for change. 

A brief look into a few techniques adaptable to problems of in- 
creasing complexity will be described in this chapter. There are of 
course many ways of structuring data, and the following methods are 
merely an illustration of some of the characteristics and properties 


associated with data structures. 


A. BASIC STRUCTURES 

The two requirements in storing data are generally contradictory. 
Data should be rapidly available but at the same time it should be 
efficiently stored since memory is usually limited. The structures 
used in this section are not meant to be an exhaustive list of possi- 
bilities, but are rather illustrations of where one might begin in a 
Search for a structure suitable to a specific problem. 

I. Structuring for Points Only 

The simplest of all data structures is that represented as an 

array of planar points. Consider the points in Figure 5 making up the 
letter 'A'. By using enough points, the 'A' may be made to appear to 


be composed of lines. Considerable memory is required in this type 
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FIGURE 5 


EXAMPLES OF DIFFERING DATA STRUCTURE REQUIREMENTS 


of storage, due to the lareewnumber or points needed vas ene spre aime 
becomes more complicated. Each point requires two coordinates. 

The points could be stored as fixed point numbers unless the loss 
in resolution is unacceptable, such as in the case of magnification of 
details. A 24-bit computer word can yield a resolution of one part in 
Sas assuming signed numbers and the full computer word are being used. 
Since present display devices give at best one part in ee and many yield 
only one part in De tae packing these point coordinates into one word is 
possible for further memory saving. These techniques can be used to 
advantage in assembly language programming, but are of limited use in 
FORTRAN IV. 

2, Structuring for Connected Lines 

Increasing the complexity by one step, the figure '0O' of Figure 
5 is drawn. This figure is composed of connected straight-line segments. 
The points can be stored again as in the previous case, but now a line 
is drawn to each succeeding point. The line is continuous, although 
broken, and therefore no other special information is necessary. 

3. Structuring for Line Segments 

Going next to the 'A' made up of line segments, a higher-order 
storage problem is encountered. Now the figure is not made up of just 
one connected line, but rather a connected broken line and a line seg- 
ment, or more simply just three line segments. Now it is necessary to 
note the line segments as well as the points making up the line seg- 
ments. If just the points are stored, there is no way of knowing how 
these points should be connected for display. If just the lines are 
stored, the end points are undefined. If the lines are stored listing 


the endpoints, there is unnecessary repetition of the same points. It 


Sy) 


is necessary therefore to store a block containing the points and 

another block that defines the lines that exist between designated 
points. Figure 6 shows a structure for the 'A', with the points num- 
bered for clarification. Although the line end points can be referred 

to by their value or location, storage location was used in this example 
since this gives more flexibility and points are not entered redundantly. 
The line list of Figure 6 contains the identification number of the 
points used to draw the 'A'. The points are defined in the point list. 
To display the figure, the line list is traversed, moving from line l 

to line 3. Line 1 is drawn between points 1 and 2 by referring to the 


point coordinates in the point list. 





POINT LIST LINE LIST 
2 EN ATE 

1 1 
2 4 5 2 
3 3 

] S 
4 
5 

FIGURE 6 


DATA STRUCTURE FOR THE LINE 'A' 


4. Structuring for Simple Three-Dimensional Figures 





In the two-dimensional case, storage in the line list of the 
actual points is probably preferred, making for a simpler structure. 
On the other hand, as the third dimension is introduced, it is prefer- 
able to define the lines by the location of storage of the point coordi- 
nates. This is so simply because the three-dimensional conversion is 
done on the points. To keep from converting the same point several times 


because it is stored in different locations, it is desirable to make all 
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references to the point by location. For example, in Figure 7 each end 
point is a member of three lines. In the three-dimensional case it 

is not desirable to fit the three coordinates into one word (by packing) 
because the resolution would be severely limited--in the case of a 24-bit 
computer word the resolution for the packed case would be 1 out of 2 or 
little better than 1 out of 100. Any calculations that are to be made on 
the coordinates would degrade the accuracy further due to round-off error. 
Additionally, the coordinates would have to be unpacked for each opera- 
tion or series of operations and then returned to the packed mode. 
Therefore three-dimensional data must be stored using more than one 
memory location. The display points after conversion could be packed 

for display and stored as before since only two coordinates are displayed 


in the pseudo 3-D presentation. 





FIGURE 7 


WIRE-FRAME RECTANGULAR BLOCK 
The converted points could of course be stored in the place of 
the original points, but the original data is then lost. To draw the 
wire model of the block, the line list can be followed, with each line 


drawn as in the previous case. 


a9 


>. Increased Complexity 


Now consider the same rectangular block made up of six plane 
surfaces limited by their intersections. It now becomes necessary to 
identify the surfaces. The method chosen here is to describe each plane 
surface by a series of points, ordered so that the outside surface is 
to the left of the path described by the series of defining points. If 
the surface is not closed, this also must be noted. (For example, if 
the rectangular block were an open box, the object is not closed.) 

Now there is a list for points, a list for lines, and a list 
for polygons defining limits of plane surfaces. Each line is a member 
of two surfaces and it is undesirable to draw the same line more than 
once. Some of the lines are hidden from view so that it becomes 
necessary to indicate which lines can be seen and which cannot. 
Additional information is therefore required. Examples of the pro- 
posed structure are shown in Figures 8-ll. With the proposed structure, 
it is necessary for the display points to be stored by association with 
the points from which they were derived. Otherwise, reconstruction for 
display of the figure would be impossible. 

The point data block of Figure 8 contains the uvw coordinates 
describing the object in three dimensions using the object's own 
coordinate system. Also contained in this block is the depth coordinate 
after transformation and the horizontal and vertical coordinates for 
display of the points. The number of lines to which the point belongs 
is stored in the first integer cell. Only three pointers are used in 
the data block, indicating to which lines the point belongs. The num- 
ber of lines entering and exiting a point generally does not exceed 


three. There is, of course, the possibility of additional lines 
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Number of Points Pointer #1 


Pointer #2 Pointer #3 


u Coordinate 


v coordinate 


w coordinate 


depth homogeneous coordinate 


horizontal display coordinate (y') 


vertical display coordinate (z') 


FIGURE 8 


POINT LIST DATA ARRAY 
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terminating at a point, and in this case another point block is used, as 
though the point were split. 

The structure array block shown in Figure 9 varies with type of 
structure described. The structure shown is for a polygon defining the 
limits of a plane surface. The direction cosines of the inward-pointing 
normal are computed and stored. There are then eight pointers, each 
pointing to a line that defines the polygon. The type of structure (in 
this case a polygon) is coded by number in the second integer cell. The 
first integer cell contains the number of parts contained (the number of 
lines for a polygon) and thus is available as a pointer when entering 
data. If the number of parts exceeds the capacity, a second block is 
used. This method of storing data dictates that the next block is to 
be used for continuation (i.e. i+ 1 is the continuation of i), and the 
indication that a continuation does exist is made by placing a number 
larger than the capacity in the first integer cell. In the block itl, 
a different type (code) number is assigned, indicating that this is a 
continuation of the previous block. 

Figure 10 shows the block storage as it is allocated by physical 
location by the FORTRAN IV compiler. Since the first subscript varies 
first, the entire block, N by 8 in size, makes up the point list at the 
low end of the allocated storage. This is followed by an N by 2 block 
containing the line list. The structure list follows with another N by 
8 block. Each division of Figure 10 represents N locations for real 
numbers. To split a location of a real number into two integer 
locations so that pointers can be inserted and read, the EQUIVALENCE 
Statement is used. The integer array is dimensioned (2,N,18), where 


the length of the integer must be specified to be one-half the length 
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Structure Array (i) 


Number of Parts Type of Structure 
Ny 
MN 
v 
N 
Pointer #1 Pointer #2 
Pointer #3 Pointer #4 
Pointer #5 Pointer #6 
Pointer #7 Pointer #8 





Line Array (i) 


Starting Point # End Point # 





FIGURE 9 


DATA STORAGE IN STRUCTURE AND LINE ARRAYS 
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ARRANGEMENTS OF STORAGE LOCATIONS 
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of the real number. The EQUIVALENCE statement sets (1,1,1) of the integer 
array equal to (1,1) of the real-number array. Thus each real-number 
location can also be referenced by a pair of integer locations. This can 
be depicted as two integer cells packed into one real-number cell. 

ARRAY (I,J) 


_ INTEGER ARRAY (1,1,J) _ INTEGER ARRAY (2,1,J) 
a ee 


Another convenient way to visualize the structure is shown in 
Figure ll. Here the structure is depicted as a matrix dimensioned N by 
18. The first eight columns make up the point list. The next two columns 
make up the line list and the last eight columns make up the structure 
list. Some columns are divided as explained above to utilize space more 
effectively. The row number N is the "name" of the point, line, or 
structure in that row. 

No provision has been made here for linking various structures 
together. It is assumed that in displaying the image, the structure 
blocks will be traversed in order until all the blocks utilized have 
been traversed. If data is to be added or subtracted on-line from the 
basic structure, additional pointers would be necessary, pointing both 
forward and backward so that elements can be added or removed. In 
addition, it becomes necessary to employ an identification scheme so 
that if lines are members of arrays no longer used, they can be checked 
to see if they are used in some other array, and if not, they can be 


eliminated. 


B. STRUCTURE FOR HIDDEN-LINE REMOVAL 
If the object which is to be described is allowed to have concave 


dihedrals (where intersecting plane surfaces form inclusive angles 
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FIGURE 11 


MATRIX INTERPRETATION OF DATA STRUCTURE 
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external of the object of less than 180°), additional information is 
needed. This section will discuss how the description of the object 

and developed information is stored in association with nodes (points), 
faces (surfaces), and edges (lines). The utilization and development of 
the stored information will be discussed in chapter VI. 

The implementation of the three-dimensional structure for the dis- 
play of objects with concave and convex dihedrals and the elimination 
of their hidden lines is somewhat similar to that described in the last 
section. Some data was reorganized, some was dropped, and some was 
added. The result is a modified structure which contains the elements 
required by Galimberti and Montanari [Ref. 18] in their paper on the 
solution to the hidden-line problem. 

It was desired that the dimensioning requirements for a user be 
kept to a minimum. Therefore one large array is used which contains 
several line lists, a node (point) list, and a polygon list. Two 
integer cells are again equivalent to one real-number cell. 

1. Node (Point) Information 

The basic structure must always rest on the individual nodes. 
The remaining stored data must provide the information necessary to 
connect the nodes for the display of the desired picture. 

An N x 6 array was used for the node uvw coordinates in real 
space (referenced to the object axes) and for the depth, horizontal, 
and vertical coordinates in display space. The first six locations 
(columns) were used so that the conversion subroutine could be pro- 
grammed to transform the first three locations and store the result in 


the second three locations. 
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Also associated with the node is information concerning the set 
of faces hiding that node and whether or not a node is an endpoint of a 
concave dihedral. The convex/concave determination is made and the 
result is entered in the first integer cell of the seventh position in 
the array. 

In the thirteenth position of the array, the number of on-view 
faces hiding the associated node is placed in the first integer cell 
and a pointer to the first such face for each node is placed in the 
second integer cell. The pointer indicates a starting position in a 
single-subscript list that contains the blocking faces for all nodes, 
entered as they are encountered. Figure 12 summarizes the information 
for the nodes. 

2. Faces (Surface or Polygon) Information 

The eighth position in the array is divided into two integer 
locations. The first integer cell contains the number of points (nodes) 
defining the face and the second contains a pointer to the starting point 
in a list of nodes. If a face is hidden by its own volume, the first 
integer cell is marked with a negative sign. 

Also associated with the faces are the inward-pointing normals. 
These are computed and stored in the fourteenth to sixteenth position 
of the array. The normals are used to compute concave surfaces, and 
when that computation is completed, the normals are no longer needed. 
The storage space for the normals then becomes a temporary storage area 
during the examination of segments for the elimination of hidden lines. 

The list of defining nodes is a single-subscript array contain- 
ing the nodes (by 'name') in the order in which they are entered. Figure 


13 summarizes the information for faces. 
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BASIC ARRAY 
Column 8 
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by its own volume 
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FIGURE 13 


The FNORML array can 
also be interpreted 
to be columns 14-16 
of the basic array. 


LSTFAC is a single- 
subscript array. 


FACES INFORMATION 


3. Edge (Line or Segment) Information 

The remaining locations from nine through twelve are used for 
information concerning lines. Locations nine and ten form one list, 
with ten following sequentially after all room is taken in nine. 
Location eleven and twelve form a similar list. Both lists are made 
up of two integer cells at each real-number location. The first list 
contains the starting and end point numbers (names) of the edge. The 
second list contains the two faces that join to make the edge. 

The edge information is ordered in these lists. The lower- 
numbered (named) node is always stored in the first cell and the face 
with which the orientation corresponds is entered in the first cell of 
feswilaist. 

A negative sign is used to mark the first node in the ninth 
location to indicate that the segment is hidden (and that the segment 
is 'erased'). The second integer cell is marked to indicate whether 
the segment has been examined. The first integer location in the 
eleventh position is marked for concave lines. 

Unused space in both line lists is used for temporary storage 
when determining intersections and when determining the nature of a 
point (i.e. the set of faces that hide that point). Figure 14 sum- 
marizes the structure for lines. An application example may be found 


in the chapter on hidden-line removal. 


Sree re LICATLION DEPENDENCE 
It should be remembered at this point that the structures herein 
discussed are FORTRAN IV oriented. Further packing of information and 


pointers would be possible by resorting to the assembly language for a 
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viven computer. Reduction to machine-oriented programming can introduce 
efficiencies in many areas at the expense of machine independence. 

Many structures have been proposed. The usual discussion of 
structures however is machine-oriented or in a higher-level language 
than FORTRAN. Most discussion in data structuring deals with the two- 
dimensional case. Little has been done in FORTRAN because of its 
inefficiencies and inherent disadvantages when compared to other 
languages. A number of references dealing with structures may be 
found in the Bibliography. The requirements for efficient storage 
and rapid access are contradictory and trade-offs must be made, dictated 


in part by the application and the computer to be used. 
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V. CONTOUR LINES 


Contour lines find use in many fields. As techniques are developed 
for working with contour lines, a greater variety of applications will 
appear. In engineering applications, contour lines could be used when 
working with field problems such as 

lines of equipotential, 
lines of constant pressure, 
lines of equal acoustic intensity, 
and lines of equal radiated power intensity. 

This discussion of contour lines will discuss a few of the funda- 
mental concepts that could be applied in a graphics program. The 
subject is worthy of study by itself and thus a complete treatment is 
beyond the scope of this presentation. The Bibliography contains a 
number of references that deal with contour lines. 

Specifically, the aspect of contour lines of immediate interest is 
the method of handling them so that they may be displayed in perspective. 
A function of two variables usually describes a ees Many problems 
could be solved on sight if the right picture could be obtained of that 
surface. Two steps are required. First the contour lines must be 


obtained and second the desired picture must be constructed. 


A. DEFINITIONS 


Aa 


One definition of a contour as given in the dictionary is 
outline’. The contour lines will be used to construct an outline of 


an object or surface. Contour lines are normally defined as the lines 


of intersection between a given surface and a family of parallel 
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surfaces (usually horizontal planes). S. P. Morse [Ref. 34] points out 
that this definition is ambiguous if the given surface has a portion 
parallel to the parallel surfaces. For this reason, Morse defines 
positive and negative contour lines. Since contour lines in topography 
are most easily visualized, the following definition will be given in 
that reference. The positive contour line is a line connecting points 
all of the same elevation such that points adjacent to one side of the 
line are at a higher elevation and points adjacent to the other side 
are at the same or lower elevation. The negative contour line is a 
line connecting points all of the same elevation such that points 
adjacent to one side are at a lower elevation and points adjacent to 
the other side are at the same or higher elevation. The usual contour 
line on a map is generally a union of these two. Obviously there must 
be yet another kind of contour line to satisfy the cases of maxima and 
minima (peaks and valleys). These are called degenerate contour lines 
as opposed to the normal contour lines. Specifically they are called 
maximum and minimum contour lines. The positive direction of a normal 
contour line is such that the points of higher elevation are on the left- 
hand side and points of lower elevation are on the right-hand side as 


the contour line is traversed in its positive direction. 


B. ENCODING CONTOUR LINES 

For storage in a computer, a contour line can be represented by an 
encoded string. A rectangular grid system proposed by H. Freeman [Ref. 
14, 15] is a simple method of relating each point from previous points. 
A rectangular grid overlay is placed on a contour map. The curved con- 
tour line is then quantized to discrete values by assigning the closest 


node as the discrete contour point. To move from a reference point R 


a0) 


in Figure 15 to the next point, one of eight allowed directions must be 
taken. Each direction is assigned an octal integer. Each odd number 
represents a movement of 1.414 units at an odd multiple of 45 degrees. 
Each even number and zero represents a movement of 1.0 units at an even 
multiple of 45 degrees. The agreement between quantized values and the 
actual value on the contour line is a function of the grid spacing. See 


Figure 16 for an example of an encoded string. 
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FREEMAN'S RECTANGULAR GRID 

The grid size can be adjusted to yield the resolution required. 

B. W. Boehm [Ref. 5] suggests that a variable-size reference grid might 
be more appropriate. Thus, when little change in a surface occurs, a 
relatively large grid could be used. When the surface changes rapidly 
the grid size can be reduced so that details can be seen. 

A contour encoded with a small grid size can be converted to a 
larger grid size by "integrating'' a number of encoded digits. The 
number of digits thus integrated determines the new grid size. This 
would be helpful in seeing the large scale view but would maintain the 
detail for the close-up views (i.e. by retaining the original grid in 


computer storage). 
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Besides the encoded string, each contour line must have associated 
with it the two-dimensional coordinates of the first point and the 
elevation of the contour line. 

Coded String 


L2017 7 Lie 
« \ Reference Node 


Discrete Curve 





Values 
FIGURE 16 
ENCODED STRING 
C. OBTAINING CONTOUR LINES 
Topographical contour lines are available on contour maps. In the 


engineering field, the data must be gathered (as of course it must 
originally have been done for topographical contour lines) and the con- 
tours constructed. Data can be gathered with regular, ordered samples 
or by random samples. Often no choice is possible. In the case of a 
surface which is a function of two variables, the data can be Spaced at 
regular intervals. The intervals can also be varied for additional 
detail where the surface varies rapidly. Data obtained from weather 
observations may take on the characteristics of random sampling. [In 
any case the data should be collected with the realization that it will 
be used to draw contour lines. If the horizontal space for which the 
contour lines are to be drawn is divided into a grid of size appropriate 
for the resolution desired, and the values of the horizontal planes are 


quantized at appropriate levels, the contours should become evident when 


2) 


the data is taken (or estimated, based on observations available). A 
contour line passing through a node must cross at or near one of the 
adjacent nodes unless the contour line does not extend beyond the 


immediate region of the first node. 


D. DISPLAY OF CONTOURS 

Once the contour lines have been obtained, selected points can be 
converted for perspective display of the lines. The obvious points to 
use are those points corresponding to the grid nodes. 

The "cardboard cutout" type of display would be the simplest to 
obtain. In this type of display, the outline of the object is obtained 
and displayed as if the object were a flat surface perpendicular to the 
line of sight. To accomplish this, it is necessary to sense the left and 
right limits of visibility (from the observer's viewpoint) of each con- 
tour line and then connect all the left extremities and all the right 
extremities within a family of curves. 

1. Determination of Limits of Visibility 

The determination of the left and right visibility-limiting 
points can be done by maximizing and minimizing the tangent function 
of the angle between the y axis of the viewing plane and a given con- 
tour curve. Figure 1/7 shows six possible cases. 

Only those contour points that show negative depth coordinates 
need be examined. All positive depth coordinates are behind the view- 
ing plane. In both quadrants in front of the viewing plane, a minimum 
tangent function occurs at the left edge and a maximum tangent function 
occurs at the right edge. These are arithmetic maxima and minima. The 


only difference in the two quadrants is that in the left-hand quadrant 
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CONTOUR LINES EXAMINED FOR LEFT AND RIGHT EXTREMES 
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the sign of the tangent function is positive whereas in the right-hand 
quadrant the sign of the tangent function is negative. 

The actual angle need not be found. The magnitude of the tanget 
function is easily evaluated by using the origin of the viewing plane 
and the point on the contour line evaluated in the same coordinate 


system. The coordinates of a point located on a contour line are 


and the combined movement of the object axes and viewing-plane axes 


results in the quantities 


and previously defined in chapter III, i.e. 
tT “op “vP 


> ee ae 


X 


op ain ae 


Only two dimensions need be used at this point, with the angle (© defined 
as the angle that a half-plane coincident with the positive y axis and 
the yz plane sweeps about the z axis to reach the contour line extremity. 
Thus , 

me OX 

ae 
Viet a 
C T 

and the point where this is a maximum arithmetic value is a right 
extremity. The point where this is a minimum arithmetic value is a 
left extremity. Note that Cu, i xX) will be negative for points in 
front of the viewing plane. 


A treatment of the general case of the elimination of hidden 


lines for two dimensions is detailed in an article by H. Freeman and 
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P. P. Loutrel [Ref. 17]. Such an elaborate procedure was not desired 
in this case. This is a method of improving detail, but of course costly 
in computing time and storage. 

2. Variations 

A more complete picture can be obtained by also displaying 
those parts of the contour lines that lie in front of the limits of 
visibility (and are not hidden by other surfaces). The price of 
additional detail is again additional computation time and more memory 
Storage requirements. 

The method of hidden-line elimination discussed in the follow- 
ing chapter can be applied to the outlines derived. The hidden-line 
elimination is applicable to objects drawn with plane surfaces. There- 
fore it is necessary to assume the cardboard-cutout type of display for 
at least that part of the program that eliminates the hidden lines. The 
three points defining a plane must be chosen very carefully however, 
since different combinations of left and right limit points will 


generally define different planes. 


E. FURTHER STUDY 

As three-dimensional capabilities are expanded, the use of contour 
lines in a wide variety of problems will begin to look more attractive. 
Morse points out that there are many problems which might be effectively 
solved by using contour maps to represent the data if techniques for 


processing contour maps were more fully developed [Ref. 34]. 
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VI. HIDDEN-LINE REMOVAL 


One of the major problems in three-dimensional display work has 
been the removal of hidden lines. A simple two-dimensional procedure 
was discussed in the section on contour lines. Generally, methods that 
have been used have been limited in application. Some solutions apply 
only to convex polyhedra. In order to process a large vocabulary of 
solids, point-visibility schemes employing "brute force’ methods were 
used. The cost of such methods was a very large computation time. 

The method applied in this study uses ideas and concepts from 
reports by A. Appel [Ref. 2] and R. Galimberti and U. Montanari [Ref. 
18]. Appropriate modifications were made to shorten computation time 
wherever possible. This method is applicable to convex and concave 
plane-faced objects. The number of objects is not limited (except by 
total storage availability), but all objects must be described in a 


single coordinate system. 


A, THE PREVIOUS REPORTS 

The two previous reports used as a basis for this treatment of the 
hidden-line problem defined some concepts for the first time. In his 
report, Appel gave a general solution to the hidden-line problem for 
a large vocabulary of objects. Appel's method reduced the computation 
time from previous methods by an order of magnitude. Galimberti and 
Montanari presented the solution of the hidden line problem for either 
convex or concave plane-faced objects. Some of Appel's concepts were 
used by Galimberti and Montanari. The computation time was further 


reduced but at the expense of some generality. 
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I. Quantitative Invisi Diiitey 


Appel's analysis of the picture parts was done in three- 
dimensions, and can be extended to curved surfaces as well as plane 
surfaces. The concept of quantitative invisibility was introduced by 
Appel to determine which lines or parts of a line were to be drawn. 
Quantitative invisibility is concerned only with a count of the number 
of surfaces hiding a point. For those portions of a curve where the 
count is zero, the curve is drawn. When the count is other than zero, 
the curve is being hidden by a surface or surfaces between the curve 
and the observer and the curve is not drawn. Appel introduced the 
concept of implied vorticity and suggested a method for determining 
whether a point lies interior or exterior to a bounded surface. Both 
of these concepts are employed in this solution to the hidden-line 
problem and will be explained in a later section. 

2. Invisibility by Sets 

Galimberti and Montanari extended Appel's method by making use 
of the projected lines and points and extending the concept of quanti- 
tative invisibility to become the concept of qualitative invisibility. 
Instead of the number of surfaces hiding a point, Galimberti and 
Montanari used the idea of an identified set of surfaces hiding that 
point. Their application was limited to convex and concave plane- 
surfaced objects. Any disadvantage introduced by the requirement that 
the object be described in this form was offset by the relative speed 
with which the calculation was made. Galimberti and Montanari outlined 
their algorithm very well. This study follows their algorithm in a 


general way, with many modifications. 
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B. DEFINITIONS 

The many concepts that will be discussed are at times difficult to 
visualize. Even greater confusion arises when the same word is applied 
to mean two different things. A clear distinction must be made between 
names in two dimensions and names in three dimensions. The terms defined 
here will be used throughout the remainder of the chapter. 

An object is assumed to be made up of faces which are bounded por- 
tions of plane surfaces. The intersecting faces form a concave dihedral 
if the included angle (measured external of the object) between the two 
intersecting faces is less than 180°. Faces are bounded by edges, where 
an edge is the intersection of two planes. The end points of an edge 
are called nodes. An edge is convex or concave, corresponding to the 
dihedral of the faces which define the edge. A node is concave if it 
belongs to at least one concave edge. Projection on a picture plane 
yields polygons for faces, segments for edges, and vertices for nodes. 

A point is a general term and is used in both two and three dimensions. 
Both edges and segments are composed of a series of points. Nodes and 
vertices are special points. 

Two segments cross at an intersection. A segment that intersects 
a second segment is said to be winning if the first corresponding edge 
crosses in front of the second corresponding edge. The second segment 
is said to be losing. Thus the intersection is a winning intersection 
for the first segment and a losing intersection for the second segment. 

The nature of a point is the set of faces in three dimensions which 
block that point from view. To find the nature of a vertex, the corres- 


ponding node must be checked for any intervening faces. The set of 
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intervening faces is the nature of the vertex (and the node). When the 


nature equals the null set the point is in view. 


C. SPECIAL TESTS 

Various special tests were developed to be used with this program. 
Many of these tests have uses beyond the immediate applications in this 
solution to the hidden-line problem. In each case the tests have been 
reduced to a minimum of programming in an attempt to minimize time and 
Computer memory. 

ee fined Led sor tC ie, 

If it is desired to determine whether two points are on the same 

or different sides of a line, a test for implied vorticity can be made. 
Refer to Figure 18. The sense of rotation about A in going from P, to 


Ny 


Py is counter-clockwise, but the sense of rotation about B is clockwise. 
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FIGURE 18 


IMPLIED VORTICITY 


The area of a triangle bounded by three points can be found by 


Yo Zo iL 

A =e S Y a 1 
— 7 i uh 

re i+] : 
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where a, b, and c are the direction cosines of a line perpendicular to 


the plane of the triangle determined by the points P Ps and P 


0’ itl” 


The sign is a function of the direction of rotation about Po: The 

actual sign is not of consequence for the applied purpose, but a 

change in sign in testing two points indicates a change from one side 

of the line to the other. The area is of no concern for this application 
and therefore the direction cosine is not needed. The equation as used 


for testing is used in the two dimensional case and reduces to the form 


AH = Kota =F RYO = XY, = XoY) = XiYo = Kato 


where AH is an indicator and 


(Xp Yo) are the coordinates of the point under test, and 
Cane 
are the coordinates of the end points of the line. 


This can be modified to 


AH = XoYy oF XY = XY 3 XyYo FG 


where 


This was implemented as a function statement for rapid evaluation. 
When applying the test, obviously two points must be evaluated 


or the test is meaningless. The point being tested is always (Xo Yo) 
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and is being tested in reSpect to the line with end points (xX) Y,) 
and (X,, Y5)- 

To test for an intersection of two lines, the test for implied 
vorticity must be applied twice. First each of the end points of one 
segment must be tested with respect to the end points of a second seg- 
ment. If no change in sign occurs, implied vorticity is the same for 
both points and there can be no intersection. If there is a change in 
sign, each of the end points of the second segment must be tested in 
respect to the end points of the first line. Again, no change in sign 
indicates no intersection is possible. A change in sign’in both tests 
indicates that there is an intersection within the segment lengths. 

In the example of Figure 19, it is desired to test lines Ly» L3, 
and L, for intersection with line L,. Point C is tested with respect to 
line Ly (points A and B). Point D is then tested with respect to line 
L,. The signs of the two results are compared and in this case the 
signs are the same (either both positive or both negative). This indi- 
cates that no intersection can occur between these two lines. The 


actual polarity of the sign is determined by the direction in which line 


Ly ms traversed between points A and B. 
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FIGURE 19 


TESTING A LINE FOR INTERSECTION 
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Next, points E and F are each checked with respect to line L,. 


This time a change in sign occurs since the implied vorticity is counter- 


Clockwrsen Lor (Pa anaseclockwisee fore when the direction: in» line Ly iS from 


A to B. Now the possibility of an intersection exists, but when the test 
is applied to points A and B in respect to line L., it is seen that no 
intersection is possible. 

Last, points G and H are tested with respect to line Ly and it 


is again seen that the possibility of an intersection occurs. Testing 


A and B in respect to line L 


4 


completes the test and an intersection is 

indicated since the sign changed in both applications of the test. 
Several special cases arise when ~ or both points are col- 

linear with the line being tested. Figure 20 and the following examples 


explain the special cases that can develop. 
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INTERSECTION SPECIAL CASES 
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In the first example, segments Ly and Ly belong to the same line, 
but the segments do not meet. In this case, the application of the vor- 
ticity test to either end point of one segment in respect to the other 
segment results in a zero (since the area of the triangle is zero). The 
same condition exists for Ly and Ly» except that now there is an inter- 
Bection. In the case of lines L. and Lys two intersections are assumed, 
one at G and one at F (or at the end points of the common segment). If 
G and F coincide, only one intersection is assumed. In both of these 
examples the implied vorticity test fails to provide the desired infor- 
mation and a special test was developed. 

When the result of the implied vorticity is sensed to be zero 


(or close to zero), a Separate test is used. If the lines are not 


vertical, the x components of the vertices are used in the test. 


Let 
° e : * he | 
R = minimum | maximum Oe X,)> maximum (Xa > xX) | 
L = maximum | minimum (X,, X,); minimum (Xa x) |. 


inen kK - L will result 9m 


1) a negative number if there is no intersection 


2) zero if the intersection is at one common end point 
3) a positive number if there is a common segment 


Applying the test in the case of the line Ly and the line L,, 


mecan be seen that 


— 
! 


R = minimum /X,. x, | = 
L = maximum |X , x, | = Xu 
and 
(R - L) = Xp - Xo = a negative number, hence no intersection. 
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For Wanesm laid . ks 


3 4 
R = min | max (Xp Xp) > max (Xa> x) | 
L = max “min (Xe Xe)» min (Xa> x.) | 
and 
(R - L) = Xo - Xo = a positive number, hence the segments must 
overlap. 
ie Xp = Xo» the lines intersect at a common end point and the result 


of R= Gis zero. If the lines are vertical, the samestest is applied 
with the Y coordinate in place of the X coordinate. 

The remaining two special cases occur when only one of the end 
points is collinear with the other Seemenes Two different situations 
are shown in Figure 20. Lines L, and Le show no intersection and lines 


S) 


L. and L, show an intersection. Of course if points I and J are tested 


7 8 


with respect to line L,, it can be seen immediately that there is no 


lee 
intersection. But if points K and L were tested with respect to line 
Le first, an intersection may or may not be indicated, depending on the 
sign of the very small number resulting from testing K in respect to 
line L.. Although this small number should be zero, round-off errors 
in conversion would probably cause it to be other than zero (although 
extremely small). Each result of the vorticity test is therefore 
checked for the small magnitude that would result from one end point 
being collinear. In this program only losing intersections are noted 
since only the losing intersections cause changes in qualitative 
LAViSt bil Ticy. 

2. Exterior - Interior Determination 


The principle of this test was also suggested by Appel. If a 


line is drawn from the point being tested to a point exterior of the 
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boundary, the number of crossings must be an odd number if the point is 
interior to the boundary or an even number if the point is exterior to 
the boundary. 

Applying this test to the three-dimensional problem, the pro- 
jection of a face onto the picture plane yields a closed boundary (a 
polygon). If some point (usually a node) is projected onto the picture 
plane also, and a line is drawn from that point to a point that is known 
to be exterior to the polygon, the number of crossings of the polygon 
will reveal whether the projected point is inside or outside the polygon. 
If the projected point is inside the polygon, the point is either in 
front of or in back of the face corresponding to the polygon. A depth 
test to determine which is closer to the observer will resolve the 
ambiguity. If the projected point is exterior to the polygon, the 
corresponding face cannot be hiding that point. 

Figure 2) .c@mtains a polygon, PP, Parse, P-PaP. witha hole pine me: 


Pome >> Ona, 
itemnole is bounded by P.P#’’P__P Point A lies inside the bounded 


oS TO wer 12~ 

area. If a line is drawn from A to any point outside of the polygon, 
an odd number of crossings of the boundary will occur (either 1 or 3). 
For point B, the number of crossings will be even (or zero). In this 
example if the known exterior point is beyond the limits of the polygon 
Py (i.e. not in the hole), the number of crossings will be two. From 
point C the number of crossings will be zero, two or four, depending on 
the direction in which the line is drawn. 

To reach a point exterior to the polygon, a half-line segment 
fm assumed to be drawn vertically from the projected point. All seg- 


menes are then checked for intersection with this vertical halr-line. 


The faces defining the edges that correspond to the crossed lines are 
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marked. When all segments have been checked, those faces which have been 
marked an even number of times cannot be hiding the point. Those faces 
marked an odd number of times are further checked for depth to determine 


which faces block that point. 
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FIGURE 21 
INTERIOR-EXTERIOR DETERMINATION 
3. Intersection of a Plane and a Line (PIERC 

A subroutine was developed to provide the coordinates of the 
intersection of a plane specified by three points and a line specified 
by two points. This test is necessary to determine where a line con- 
necting the observer and a point under test passes through a surface. 
If the intersection is further away than the point, the point is in 
front of the surface. 

The subprogram was developed from the basic equations of a line 


and a plane. The equation for a plane specified by three points is 


x-X, Yry, 2° 2; 
xy a “Soave 2p eee ee 
eee oe) 3 1 
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The parametric form of the line equation is 


ia eee 
x x) 2) 

re 
y y, + tb 
z' = Z5 + be 

where 

ON eo rad 
A Xo xy 
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ee eee 
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and t is the parmeter and the primes denote the coordinates of the 
points defining the line. 


Expanding the equation for the plane and arranging terms 
(x - x1) (yy - y,)(@y - 21) - @ - 2,03 -y,)| 
+ (y - y¥,)| (@ - 2%, - x) - OK, - x), - 2, 


+ (2 - 2,)| (% = x) (yg - ¥,) - Oy - VO - ¥) | = 0. 


Let 
MEG = V4 = A) = 1G, PGR Vy) 
EMI SM, = 8) (CR 
Ce la a) 
De= =yde, - Bye CZ) 

Then 


Ax By + Cz + 0 Or 
where A, B, and C are the direction numbers of a normal to the plane. 
To find the intersection of the plane and the line, substitute the 


expressions for x, y, and z defining the line into the equation for 


the plane. 


tie: 


A(x, + ta) + Bly, + tb) + C(z, + tc) + D= 0. 
Solve for the parameter t. 


' i] i] 
soa ey et ecat dt, D 


~ = (Aa + Bb + Cc) 


The Coordinates of the Intersection senen are 


x = x) + ta 
y = yy + tb 
Z = Z5 + tc 


This test is implemented in the subroutine PIERC (pierce). A, 
B, C, and D are found as above using the three points defining the 
plane. The direction numbers of the line are then found. Combining 
these results allows the value of the parameter t to be found. The 
value of the parameter t is then used in the parametric line equation 
to find the intersection of the line and the plane. The entire process 
is coded into only eleven FORTRAN statements consisting of 29 addition/ 
subtractions, 19 multiplications, and one division. The determination 
of the intersection of the plane and the line can thus be made very 


quickly. 


D. ALGORITHMS 

Although some portions of the program are not directly concerned with 
the hidden-line removal, there is an interacting influence between the 
hidden-line removal problem and the remainder of the program. The 
greatest influence is exerted through the storage of data and the 
associated requirements. 

This section will explain the algorithms used in the various pro- 
gram parts. The first section will introduce a general program which 


could be used to generate a picture with hidden lines removed. Various 
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subprograms are called. These subprograms will be further explained 
immediately following the introduction of the general program. 
1. General Program 

Flowchart 1 provides an overall view of the complete program. 
Dimension requirements are explained in Appendix C. Subroutine DESCRB 
is an initializing routine that resets all pointers and flags and clears 
certain portions of the array structure. Subroutine FACES enters that 
data for one face each time it is called. LINES connects the points 
which were entered to form the structure in storage. CCVCVX identifies 
all of the concave dihedrals. At this point the structure within the 
computer is complete. As many views as desired may be made by continuing 
Gimerom A. 

When developing the picture, it is necessary to set the angles 
and positions of the object and the observer before calling CONV3D. If 
these variables are not set the previous values will be used, or if this 
is the first view, all angles will be set to zero. All positions will 
be zero, except the object will be moved 40 units away from the focal 
plane, enabling the object to be seen. CONV3D converts the stored co- 
ordinates of each point to coordinates for horizontal and vertical dis- 
play, and a depth coordinate which is associated with each point. 
Additionally the position of the focal plane center and two additional 
points in the focal plane are calculated in terms of the object's co- 
ordinate system. The position of the center of the focal plane is used 
when determining the coordinates of the intersection of the line of sight 
and a plane. This is used in subroutines VRTNTR and TSTNNP which are 
called by CMPUT. The three points in the focal plane are used to deter- 


mine the coordinates of the intersection at the focal plane of a line 
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PROGRAM FOR GENERATING COMPUTER DRAWN PICTURE 


76 


passing through the focal plane. This information is used in subroutine 
AED. 

Some lines of a drawing will be hidden by the object's own 
volume. HDNSRF determines which surfaces are facing away from the 
observer and interprets this information to determine which lines are 
hidden by the object's own volume. 

Subroutine ALTER will modify the line structure by terminating 
all lines passing through the focal plane and assigning new end points 
which lie in the focal plane to replace those end points which lie behind 
the observer. This is necessary due to the inverted image which is 
formed after passing through the focal point (similar to the image being 
inverted in a camera). 

Each on-view line is then examined in subroutine CMPUT to deter- 
mine which portions of the line are visible. This subroutine also calls 
the subroutines VRINTR, TSTNNP, LNIRSC, WINDOW, and other routines of a 
more general nature. These subroutines will be discussed in the section 
explaining the algorithm for CMPUT. 

At the completion of CMPUT, the picture has been "developed" 
and exists in the form of a list of starting point coordinates and end 
Beant) coordinates for each visible bine normalized to tl. Thesuser 
must define the output to be used and must process the line list for 
any changes required from the normalized + 1 and the output device. Two 
routines which are included in the demonstration program that accomplish 
this are DRAWVP and DRAWIT. 

DRAWVP converts the line list to an output for the line printer. 
Up to ten symbols will be printed for each line. The picture will be 


distorted due to the constraint of printing only at discrete points, 
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but offers the advantage of obtaining an immediate result which can be 
used to guide modifications to data describing the object. This routine 
loses its effect as the picture becomes more complicated. DRAWVP re- 
quires that subroutine VPLOT be furnished (see Appendix C for information 
One POL re 

DRAWIT is a subprogram developed to draw the output picture on 
the CALCOMP Plotter using the line list developed. DRAWIT utilizes the 
locally developed plotting package. (See Appendix C for further infor- 
mation on this subroutine and the plotting package.) 

When the picture is completed, additional views may be desired. 
To obtain another view, subroutine ERASE is called to reset flags and 
pointers and to restore the line structure if it has been altered. The 
program is entered at the point of setting any new angles or positions 
ep ew(ayi setting new values of focal length (focus), offsets, or scale. 
If for example it was desired to magnify the picture by two with no 
other changes, scale would be reset to 1/4 (assuming it had been 1/2) 
and all other values left as already set. This means the normalized 
distance from the center to an edge of the picture is now 1/4 and this 
portion of the picture will be expanded to fill the “picture frame". 
This corresponds to enlarging a portion of the picture already made. 
For a telephoto effect, only the focal length would be changed (by 
increasing the value of the focus). This corresponds to using a tele- 
photo lens in a camera. Although the results are similar, the two 
cases originate differently. In a camera the enlargement process is 
limited by the grain of the film but in the computer drawn picture the 


resolution is determined by the resolution used in the object description. 
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A main real array and an integer array occupy the same block 
of memory. Two integer words must equal one real word and this is 
assumed in the following discussion. EQUIVALENCE statements required 
are defined in Appendix C. 

2. FACES (Subroutine for Entering Data 

The objects to be displayed are entered through the use of a 
subroutine called FACES. The objects to be entered must be described 
by bounded plane surfaces. The boundaries of the plane surfaces are 
defined by a number of points with straight lines connecting those 
points. The first point and last point of any such surface boundary 
are assumed to be connected. The first point must be a corner point 
for reasons explained in CCVCVX. 

For each face, the first input is the number of points that are 
to follow. Then the three coordinates of each point are read until the 
specified number of points has been entered. As each point is read, it 
is compared to points already entered and if it is already present, an 
identifier n. (a number) is assigned to that point and the coordinates 
of that point are stored in the (n, ,J) position of the main array (where 
tei, 2, 3). A list (LSTFAC) of the points in the order that they are 
entered is kept separately. The number of points entered for the face 
is stored in the main integer array at (1,n, 58) where if is the number 
of the face being entered. A pointer to the start of the defining 


points in LSTFAC is stored in the array at (2,n. bine Ee lowehareec 


joe 
Summarizes the algorithm for FACES. The subroutine must be called as 
many times as there are faces to be entered since only one face is 


entered by a single call. This subroutine may be called at any time 


that a face (or faces) is to be added to the existing structure, but 
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after the new face(s) has been entered, the subroutines LINES and 
CCVCVX must be called before proceeding with the development of the 
PLeeucre. 

3. Connecting the Defining Points (LINES 

After the defining points have been entered, the points are 
connected by the subroutine LINES. Each point is to be connected by 
a straight line segment to the next point until all of the points for 
the face are used. The last point is then connected back to the first 
pone. 

In the line structure it is desired to store the end points so 
that the lowest numbered (named) point is always stored as the first 
point. The face for which this is the normal orientation of the line 
will be stored in the first integer of column 11 and the face for which 
this is the reverse orientation of the line will be stored in the second 
integer of column ll. The assumption here is that every line segment or 
edge is the intersection of two planes and will be entered once in each 
direction. If lines which lie entirely on one surface are to be entered 
they must be entered in both directions when that surface is processed. 
See Appendix C and the example input data and the program output fol- 
lowing the Appendices. 

A line is only entered once. A search is made of the lines al- 
ready entered. If the line is found, the face presently being drawn is 
entered in the proper integer in column 11 according to the orientation 
of the line. If the line is not found the line is entered by listing 
its end points in column 9. The present face is entered in the proper 


integer in column ll. 
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When the last point has been entered, the first point is entered 
as the new point and the final line for the face is processed. After 
the completion of this final line for the face being processed, the 
entire process is repeated for the next face. This continues until all 
of the input faces have had their sequential points joined by lines. See 
Flowchart 3. 

4. Detection of Concave Dihedrals (CCVCVX 

It is necessary in this treatment of the hidden-line problem to 
identify those edges which correspond to the intersection of two sur- 
faces which form a concave dihedral. Subroutine CCVCVX identifies the 
concave dihedral and marks the appropriate line and its end points 
(Flowchart 4). A line which results from a concave dihedral is marked 
with a minus sign in the first integer in column ll. A node which is 
the end point of at least one concave line is marked with a 1 in the 
first integer of column 7. A zero in column 7 indicates that all lines 
of which that node is an end point result from the intersection of two 
surfaces forming a convex dihedral. 

The first step in the detection of the concave dihedrals is the 
calculation of inward pointing normals for each face. The normal for 
a face is calculated by constructing a directed line from the first 
point entered to the last point entered (line 1) and a second directed 
line from the first point entered to the second point entered (line 2). 
The length of each of these lines is normalized. The cross product of 
the normalized lines [(line 1) x (line 2)] results in an inward pointing 
unit normal. The direction cosines of the normal are stored in array 


FNORML for use as required. 
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Each line is then examined by using the cross product of the 
normal of the first face in column IT) (normal ontentation) “and the 
normal of the second face in column Ll (reverse orientation). See 
Figure 22 as an example. 

Assume line AB is defined such that A is the low numbered point 
and B is the high-numbered point. FACE 1 and FACE 2 are identified in 
the figure and correspond to the normal orientation of the line and the 
reverse orientation respectively. (Remember each surface must be entered 
by following the boundary such that the surface lies always to the left.) 
When the inward pointing normal of FACE 1 is crossed into the inward 
pointing normal of FACE 2, the result is a vector in the reverse 
direction of line AB. If the faces had formed a convex dihedral, the 
resultant vector would have been aligned with line AB. To detect the 
Gieection, the det product of @@me resultane GE the cross product and 
the line is calculated. This is the same as detecting the projection of 
the cross-product resultant on line AB. If the result of the cross 
product is negative, the faces intersect in a concave dihedral. If the 
result is positive, the intersection is a convex dihedral. A zero 
result indicates that the faces are coplanar. 

The lines and end points are appropriately marked. When all 
lines have been checked, all concave dihedrals have been identified. 

This process need only be done when the structure is first entered. 
5. Transformation to Perspective (CONV3D 

This is the first subroutine to be called which is view dependent. 

The rotation angles and positions of the object and the observer should 


De defined as desired before tiais SUbroutine is called. 
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CONCAVE DIHEDRAL 

CONV3D (Flowchart 5) calls VMVMAT (Flowcharts 6, 7) as its first 
step. VMVMAT calculates the 4 x 4 homogeneous transformation matrix 
and the location of three points in the focal plane as well as the 
location of the focal point expressed in object axes coordinates. The 
computation of the homogeneous transformation matrix is discussed in 
chapters II and III. To calculate the location of the focal plane in 
terms of the object axes coordinates, Euler angle rotations were used 
with the observer's viewing angles and with the negative of the object's 
rotation angles. Once the matrix and the positions have been calcu- 
lated, they remain available until the view is changed. 

The three points used in the focal plane are the origin, the 
point y = l on the y axis, and the point z = 1 on the z axis. Trans- 
lation of the observer less the translation of the object provides the 
resultant translation of the focal plane origin in terms of the object 


axes coordinates. By adding the proper direction cosines of the Euler 
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angle rotations of the observer, the three points in the focal plane are 
expressed in object's axes coordinates for translation of the object and 
observer and rotation of the observer. To compensate for object rotation, 
the Euler angle rotation cosines are calculated for the negative of the 
object angle rotation (using matrix form). Multiplying the three co- 
ordinates found previously for each point by the rotation matrix pro- 
vides the coordinates of the three points in the focal plane in terms 
of the object axes coordinates. These are saved and used ina later 
part of the program. 

CONV3D proceeds with the conversion of all data points (or nodes). 
The theory of the conversion is explained in chapters II and III. The 
results of the conversion are placed in columns 4, 5, and 6 of the main 
ARRAY. Column 4 is a depth coordinate, column 5 is the horizontal 
picture-plane coordinate, and column 6 is the vertical picture-plane 
coordinate. 

If the hidden lines were not to be removed, the picture could 
be drawn immediately by following the line list in column 9 and con- 
necting the picture plane coordinates of the end points listed. 

6. Suppressing Surfaces Hidden by the Object's Own Volume (HDNSRF) 

In any given object constructed of plane surfaces, some of the 
surfaces will face away from the observer. Since these surfaces cannot 
be seen, it is desirable to eliminate them as soon as possible from 
further consideration and spend the computation time on the on view 
faces. 

The test for a surface oriented away from the observer is made 
in the picture plane (Flowchart 8). Once again a line is constructed 


from the first point to the last point and from the first point to the 
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second point, where first, second, and last are in reference to the order 
in which the points for a face were originally entered. When the first 
line is crossed into the second line (cross product), the resultant 
Vectorswi ll polneveieher Tieesene picture or ouc of the picture. Since 
the lines are coplanar, there are only two dimensions involved and the 
test is rapid. If the resultant vector is positive, the face is not on 
view and that face is marked with a negative sign in front of the first 
integer of column 8 (the integer that specifies the number of points in 
the face). 

When all the faces are thus checked, the list of lines contain- 
ing the intersecting planes is checked. If a line is the result of the 
intersection of two hidden surfaces, the line cannot be seen and is 
therefore marked with a negative sign in front of the first integer in 
column 9. If a line corresponds to a concave dihedral and at least one 
of the intersecting surfaces is hidden, the line is hidden and is so 
marked. 

At this point, if a single object is being displayed and the 
object has no concave dihedrals, it is possible to draw the object with 
hidden lines removed by following the line list and connecting the end 
points of those lines not hidden. 

7. Termination of the Picture in the Focal Plane (ALTER 

This subroutine need only be called when a portion of the picture 
lies behind the observer. In order to properly display the picture, the 
lines which pass through the focal plane must be terminated at the focal 
plane. Subroutine ALTER accomplishes this task (Flowchart 9). 

Each line is examined by its end points to determine if either 


or both ends are behind the observer. The depth coordinate of the end 
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point is negative if the point is in front of the observer (the observer 
looks into the negative x half-space). If both ends are in front of the 
observer, the line is not disturbed. If the line is hidden it is not 
considered. If both ends of the line are behind the observer, the line 
is marked as if hidden. 

In the remaining two cases, one of the end points is in front and 
one is behind the observer. (Since the points are identifiable, the two 
permutations define two cases.) The three points in the focal plane that 
have had their coordinates converted to the object axes system are used 
in the PIERC subroutine to determine the coordinates of the intersection 
of the focal planeand the line. The coordinates of the intersection are 
added to the list of points as an additional point and the line structure 
is altered to reflect the change in end points for the line being exam- 
ined. The coordinates of the intersection are converted with the homo- 
geneous matrix to picture-plane coordinates and the result is stored as 
in the original data points. 

When exiting this subroutine, a flag is set if any line structure 
has been altered. When ERASE is called, detection of this flag will 
cause subroutine LINES to be called to re-establish the original line 
SErUCLULrE? 

8. Subroutines Called During Segment Examination 

Segment examination is accomplished by subroutine CMPUT which 
in turn calls on certain other subroutines. Those subroutines which 
are called during segment examination will be discussed in this section. 

a. Determination of the Nature of a Vertex (VRTNTR) 

When examining a segment, it is necessary to know the nature 


(the set of faces obscuring the node) of the initial vertex (picture-plane 
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point corresponding to the node). Subroutine VRTNTR is used to deter- 
mine the nature of the vertex if it is not already known. (Flowchart 
10 applies.) 

The basis for this test is the Exterior-Interior Deter- 
mination discussed in an earlier section of this chapter. The half line 
is constructed vertically by allowing the vertical coordinate to exceed 
the vertical coordinate of any point on any line segment. All line 
segments that lie entirely to the left, entirely to the right, or 
entirely below the vertex being checked are eliminated from further con- 
sideration during the test of this vertex. Those lines which are hidden 
because the intersecting surfaces which define them are not on view are 
also eliminated. However those segments which are part of a concave 
dihedral and are members of at least one on view face are also checked 
even though the line itself may be hidden. This occurs because those 
boundaries of the on view face which are not concave dihedrals will be 
visible, and a wrong count will result if the concave dihedral is 
excluded. 

For those segments which have not been eliminated, a test 
for intersection with the vertical half line is made. The faces which 
intersect to form the segments intersecting with the half line are 
marked once for each such segment if the face is on view. When all 
Segments have been checked, those faces crossed an odd number of times 
are further checked to determine whether the face is behind or ahead of 
the node associated with the vertex. This is accomplished by calling 
PLNLIN which sets up the coordinates of three of the points determining 
the face and the coordinates of the points determining the line between 


the observer and the node being checked (Flowchart 11). The origin of 
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Eiembecal plane calewlated in) VMVMAT 1s used as one end point of the 
line. When the coordinates of the plane and the line have been deter- 
mined, subroutine PIERC is called to determine the coordinates of the 
intersection between the plane and the line. These coordinates are 
used in the function DEPTH to determine the depth of the intersection. 
The depth of the node and the depth of the intersection are now compared 
and if the intersection is closer than the node, the face is added to 
LSTBFC. The number of such blocking faces is stored in the first inte- 
ger of column 13 of ARRAY and the pointer to the starting entry for 
that node in LSTBFC is stored in the second integer of column 13. 

b. Determination of Losing Intersections (LNTRSC) 

During the examination of a segment, the initial vertex has 
its nature determined. Each time another segment crosses in front of 
the segment being examined (a losing intersection for the segment under 
examination), a change in the list of blocking faces occurs. The exam- 
ination of a segment is done therefore by moving from the vertex with 
its nature known to each next intersection along the segment. Sub- 
routine LNTRSC determines those intersections of direct concern (losing 
intersections) for the segment under examination (Flowchart 12). This 
subroutine uses the special test for implied vorticity previously dis- 
cussed to determine whether or not an intersection has taken place. 

Upon entering the subroutine, those quantities that will be 
needed but have not yet been determined for the current segment under 
examination are found. When all the characteristic quantities for the 
current segment have been determined, all segments (called test segments) 
are processed to determine if a losing intersection has occured with the 


current segment. Those segments which do not correspond to edges (i.e. 


98 


All segments will 
oto be checked for 


intersection with 
CUPTeENEe secnent 








initialize soniees 
& data for cur- 
rent segment und- 
er examination 














Gut rent 
Segment 
closer 


Get next on-view 
Sseemenis=e not a 
member of same 
face 





<3) 









Store 


losing 
No : 
intersection 






Inter- 
section in 
picture 

plane 







Yes 





of inter- Over lap 


section 


End- 
Point 
















Overlap 
processing 


Bua@eroint 
processing 







All 
segments 
checked 





FLOWCHART 12 


SUBROUTINE LNTRSC 


99 


lines lying on a surface) and those segments resulting from the inter- 
section of two hidden surfaces are eliminated from consideration. 
However if a segment is hidden but is a member of an on view face 
(possible in the case of a concave dihedral), it must be checked for 
intersection since a change in the set of blocking faces occurs when 
such a line is crossed. In Figure 23, when the current segment is AB, 
test segments CD, EF, GH, IJ, KL, MN, OP, and QR cause changes in the 
set of on-view faces blocking AB when moving from A to B. Test seg- 
ments CD, QR, and GH each add a face. Test segments EF and MN each add 
one face and subtract one face. Test segments IJ, KL, and OP each sub- 
tract one face. The set of faces is identified not only by number but 
also by identifying each face in the set. 

Special attention is given to intersections at an end point 
(Figure 24) since the implied vorticity test as previously discussed is 
ambiguous in this region. If the intersection occurs at the end point 
of the current segment, it is treated as an intersection. If the inter- 
section occurs at the end point of the test segment, the intersection 
point and the other points are ''remembered''. When a second intersection 
occurs at the same point, the other end of the new test segment is used 
with the remembered end-point value to construct a new segment which is 
then checked for intersection with the current Segment. 

In Figure 24, the current segment is AB. When segment CE 
is examined, an intersection is "remembered" for point E and the 
Opposite end point C is remembered. When DE is examined, the inter- 
section at E is detected. Since there is already an intersection at E, 
the opposite end point D and the stored end point C are tested as a new 


segment CD. In this case the constructed line results in no intersection. 
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The same procedure is repeated for FG and GH, but in this case the con- 
Structed segment FH results in the detection of an intersection. Segment 
GH is then processed as in any other detected intersection. Segments CE, 
DE, and FG were treated as if no intersections had occurred (other than 
remembering the end points). 

Before calculating the coordinates of the intersection of 
the two segments, a test is made to determine which segment lies in 
front of the other. Only the coordinates of those intersections where 
the current segment is losing need be calculated. Figures 25 and 26 
show how this determination is made. 

A sighting plane is constructed using the focal point and 
the two end points of the edge corresponding to the current segment. 

The observer "sights" along this plane when viewing the edge in Space. 
The intersection (piercing point) of the sighting plane and the edge 
corresponding to the test segment is then determined through the special 
test for the intersection of a line and a plane. Another line is con- 
structed in the sighting plane connecting the focal point and the 
piercing point. This line is then tested by the implied vorticity test 
for intersection with the edge corresponding to the current segment. If 
an intersection occurs, the current segment is winning because the test 
segment lies onthe far side (from the observer's position) of the cur- 
rent segment. When no intersection occurs, the current segment is 
losing since the test segment lies between the observer and the current 
segment. 

Figure 25 shows how the situation of one segment behind 
another can occur. Figure 26 is reduced to three segments and the 


focal point. AB is the edge corresponding to the current segment. 
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The sighting plane is determined in three dimensions by the focal point 
QO where the observer is located and the end points of AB. The sighting 
plane is extended so that the intersection of EF and the plane can be 
seen. Exam segments CD and EF intersect the sighting plane at points 
Pop and Pop Constructed line segment OPan does not intersect with the 
current segment AB, thus indicating that CD is in front of AB. However 
OP ap does intersect with AB and this indicates that AB lies in front of 
EE; 

The coordinates of the point of intersection can be con- 
verted to picture plane coordinates through the use of the homogeneous 
transformation matrix. The coordinates of the losing intersections are 
necessary to determine where the nature of the current segment changes. 
The point-slope form of the line equation in the two dimensions of the 
picture plane can also be used to determine where two segments meet at 
a common point. When using slopes the infinite slopes of vertical lines 
must be avoided. This is accomplished by assigning a large number as 
the slope of a vertical line. 

Overlapping segments present a special case of multiple 
intersections. The various situations of overlapping segments were 
discussed previously in this chapter in the section on Implied 
Vomtacit y 

c. Determination of the Nature of a Near Point (TSTNNP) 

On the rare occasion that a losing intersection occurs at 

one of the vertices of the current segment, it becomes necessary to be 


able to test a point a small distance away from the vertex to resolve 


the ambiguity shown in Figure 2/7. 
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Here the current segment is line AB which intersects line 
CD at B. Assume B is losing with respect to line CD. The ambiguity 
here is whether line AB is going behind or emerging from the surface 
bounded by CD. TSTNNP resolves the ambiguity (Flowchart 13). 

The subroutine (TSTNNP) is much the same as VRTNTR except 
that only a few faces need be checked. Since each segment has associ- 
ated with it two faces, only a maximum of two faces need be checked for 
every intersection at the node. A set of faces belonging to all the 
intersections at the node is determined by combining the one or two 
faces for each intersecting segment (one face may be hidden). The 
nature of the specified point is then tested with regard to this set 
of faces in the same manner as VRTNTR tests all faces. 

A working list of blocking faces is kept while examining 
a segment. Those faces found to be blocking the near point are com- 
pared to the working list of blocking faces. Faces which are a part of 
both lists remain. Faces in the working list not found while testing 
the near point are deleted and faces found in the test but not in the 
working list are tested to determine if the face lies between the test 
point and the observer. If the face blocks the point it is added to 
the working list. 

d. Scissoring the Picture (WINDOW) 

As each end point is determined for the output line List, 
subroutine WINDOW (Flowchart 14) is called to "crop'' the picture. 
Portions of the picture may extend beyond the normalized boundaries of 
the frame, and this cropping allows the portion of the picture within the 
frame to be drawn without distortion while eliminating that portion of 


the picture external to the picture frame. 
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There are a number of cases possible for the position of 
any given line with respect to the picture frame. Figure 28 shows the 
possible cases with the line number corresponding to the case. WINDOW 
identifies which case exists and takes the appropriate action. Each 
line has a start and an end point which must be separately processed. 

Line 1 requires no action. Both ends of the line are 
within the frame. Line 2 is the condition where the line lies entirely 
above (below, or to one side) of the picture frame. In this case the 
line is simply "erased''. Line 3 also lies outside the picture frame but 
the detection of this condition is more difficult. Intersection with 
the vertical border is calculated and if the intersection exceeds the 
picture frame bounds, the intersection with the horizontal frame is 
calculated. If this also exceeds the picture frame bounds, the line is 
erased since no part of it can lie within the frame. Line 4 is treated 
as Line 3 except that in this case the intersection lies within one of 
the frame boundaries. The intersection of the line with the frame be- 
comes the new end point of the line in the output line list. The pro- 
cedure is repeated for the end point. Line 5 is similar to Line 4 
except that one end point is already inside the picture. 

When determining which lines lie entirely above, below, or 
to one side (case 2), both the start and end points are used. In case 
3 the end point need not be checked since no intersection is possible, 
once it has been established that there is no intersection from the 
start point. In cases 1, 4,and 5 both start and end points are checked. 

The result is that each line segment extending beyond the 


frame is cut off at the frame boundary. 
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BEFORE CROPPING 





AFTER CROPPING 


FIGURE 28 


CROPPING THE PICTURE TO FIT THE FRAME 
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9, Examination of the Segments (CMPUT 

With all the preliminary steps completed, all that remains is 
to examine each on-view segment over its length to determine which 
portions of the segment are visible and therefore should be drawn and 
which portions of the segment are hidden and therefore not visible and 
should not be drawn (Flowchart 15). 

To accomplish this examination methodically, the first on-view 
segment has the nature of the initial vertex tested by VRTNTR. Each 
on-view segment starting with this node is then examined in turn. Losing 
intersections are determined by a call to LNTRSC. If no losing inter- 
sections are detected and the initial vertex is visible, the entire 
segment is visible and the nature of the final vertex is the same as that 
of the initial vertex. 

If intersections are detected, it must be determined if any of 
the intersections occurred at the initial vertex. If intersection did 
occur at the initial vertex, TSTNNP must be called to test a point near 
the vertex and the working list of blocking faces is modified to reflect 
the nature of the near point. 

The draw flag is set whenever no faces block a segment from 
view and is reset whenever faces block the portion of the segment being 
examined. When setting the draw flag, the starting points for the out- 
put line are entered in the output list. When resetting the draw flag, 
the end points are entered in the output list after a call to WINDOW 
to crop the line to fit into the picture frame. (However, when the 
test of a point near the initial vertex causes the draw flag to be 


reset, the initial point of the line is deleted since no line exists.) 
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SUBROUTINE CMPUT 
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The segment under examination iS now traversed to the point of 
the first intersection. If no more intersections occur, the segment is 
drawn or not drawn according to the working nature. The number of 
intersections at the final vertex is detected and at any time that the 
number of intersections remaining equals the number of intersections at 
the final vertex, there are no more intervening intersections and the 
final vertex can be tested by TSTNNP for a change in its nature. 

The intervening intersections are used to change the nature along 
the segment by using the one or two on-view faces associated with each 
intersecting test segment to modify the working list of blocking faces. 
If the list contains a face that is one of the two defining faces of a 
segment, that face is deleted from the list. If the list does not con- 
tain the face, the face is added to the list. (See LNTRSC for an 
example, ) 

If more than one intersection occurs at the same point, this 
fact must be detected. Three cases are possible when more than one 
intersection occurs. Figure 29 shows the three cases. The inter- 
sections occur on the picture plane and in each example the inter- 
section is losing for the isolated segment. 

The intersection at P, occurs because two other segments also 
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intersect at P,- All three of the edges are at different distances 


from the observer. These intersections are processed as two differ- 
ent intersections that just happen to both occur at Pi: 

The multiple intersections at P, and P. occur because the point 
of intersection is a corner, itself the intersection of three edges. 


Segment CD and one of the segments of the corner intersection overlap 


between the intersections. Both faces defining the edge corresponding 


Iris 





FIGURE 29 


SPECIAL CASES OF MULTIPLE INTERSECTIONS 
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to the overlapping segment are added to the working set of blocking 


faces when arriving at P, from point C. Both faces are subtracted when 


2 


leaving P, and proceeding towards D, 


3 

The multiple intersections at Py occur because the point of 
intersection is again a corner. This case differs from the previous 
example in that segment EF does not overlap any of the other segments. 
To determine which face or faces should be added, a semi-circle is con- 
structed around the intersection (either direction is equally satis- 
factory) and intersections with the semi-circle are tested as single 
intersections. The semi-circle is in effect constructed through the 
use of the implied vorticity test and restricting the intersections to 
one side only. 

When all intersections before the final vertex have been pro- 
cessed, only the final vertex remains. If no intersections occur at 
the final vertex, the examination of the segment is complete. If 
intersections occur at the final vertex, a point near the vertex has 
a nature already known. TSTNNP is then used to find the nature at the 
vertex. The nature of the final vertex is entered in column 13 of ARRAY 
if not already known. 

The next segment starting with the same node is then processed 
or if no other segments start with this node, the next on-view segment 
in the list is processed until all segments have been examined. 

10. Preparation for a New View (ERASE 
Before processing a new view, column 13 is reset to zero for 
both integer values. This is necessary because the contents of column 
13 indicate whether or not the nature of the associated node is known. 


The negative sign in the second integer of column 9 which indicates 


ys 


that the segment has been examined is removed. If ALTER changed the data 
structure, ERASE calls subroutine LINES to restructure the original line 
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E. SUMMARY 

The hidden-line removal algorithm presented here is flexible 
and general so that it is easily tailored to specific applications. 
The algorithm could be easily adapted for on-line structure modification 
or it could be adapted for rapid calculation for display of a restricted 
set of views. A single object with no concave dihedrals that is always 
in front of the observer can be displayed after processing for hidden 
surfaces (HDNSRF) by connecting the end points of the visible lines and 
cropping those lines. 

The entire algorithm has been committed to a FORTRAN IV program. 
The algorithm holds whether it is committed to software or hardware or 
to a combination of the two. If assembly language were used, the 
greater flexibility would allow flags to be used more effectively and 
to a greater extent. However the ideas advanced by the algorithm 


hold regardless of the method of implementation. 


116 


VII. SUMMARY 


An introduction into the basic concepts and requirements encountered 
in the field of three-dimensional computer graphics has been presented. 
Techniques were developed for presenting the display in two dimensions 
of real-space three-dimensional objects. Transforming the coordinates 
of real space into two-dimensional perspective space was the subject of 
chapters II and III. Chapter IV introduced the requirements for 
structuring data to fit the application at hand, beginning with the 
simple case of two-dimensional coordinate storage and advancing to the 
three-dimensional case. Since contour lines are relative to the field 
of computer graphics in three dimensions, chapter V introduced basic 
concepts that may be the basis for further study and development. A 
study in three-dimensional computer graphics is not complete without 
an investigation into the removal of hidden lines. Chapter VI presents 
an algorithm for the elimination of all lines (or those portions of a 


Pine yenot visible to the observer. 


A. THE TRANSFORMATION 

The computer can be utilized to obtain perspective views of three- 
dimensional objects from any specified angle and position. The three 
dimensions of the real world are transformed into the two dimensions 
required for a drawing on a plane surface. To minimize the number of 
points that must be transformed, it is convenient to approximate an 
object under view by line segments corresponding to the outline contours 
of the object. If the object is constrained to be approximated by inter- 


secting plane surfaces, the line segments will all be straight lines. 


Ney) 


A line is then transformed by transforming the end points and connecting 
the transformed points by a straight line. 

The transformation of a point is accomplished by post-multiplying 
the coordinate vector of a point by a 4 x 4 matrix. A fourth homogeneous 
coordinate (equal to 1.0) is added to the coordinate vector to make the 
multiplication compatible. The time required to transform a picture is 
thus dependent only on the number of defining points in the picture. The 
conversion time was approximately 600 microseconds per point after the 
matrix had been determined. (All times are approximate and are in ref- 
erence to the IBM 360-67 computer located at the Computer Facility, Naval 
Postgraduate School.) The calculation of the transformation matrix is 
independent of the picture complexity and is obtained as the product of 
two rotation matrices. Direction cosines are used to determine the ele- 
ments of each of two rotation matrices. The time required to determine 
the entire transformation matrix was 20 milliseconds. Associated with 
the computation of the matrix is the determination of the location of 
the focal point and three points in the focal plane in terms of the 
coordinate system used to describe the object under view. The time 
required for this computation was approximately 16.5 milliseconds. 
These positions are needed in the processing for the removal of hidden 


lines. 


B. DATA STRUCTURE 

In the field of three-dimensional computer graphics, data can be 
stored in many different ways. There is no one best way. For a specific 
application one method may be better than another but many of the same 
elements exist in all methods. Chapter IV discussed requirements in 


Storing data and some methods to meet the requirements. Two requirements 
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which are generally conflicting are that the data be readily available 
and that the data be efficiently stored. 

In storing the data for the developed program three factors were 
considered. Entering data must be a simple process and must not be 
confusing to the user. The data must be available quickly and the data 
must be compactly stored. Compromise on all three requirements had to 
be made. Accessability of the data was compromised the most to keep 
from imposing even greater dimensioning requirements on the user. The 
subroutine FACES causes a search to be made of existing points to deter- 
mine if that point is already entered. Thus as the number of points 
already entered increases, the time to enter a new point also increases. 
For the 12 point L-shaped block example in the computer output section 
(Figures 32, 33, and 34) the time for entering the points was approxi- 
mately 0.158 seconds. For the 62 point aircraft carrier (Figures 35-39) 
the time for entering points was 1.0/7 seconds. The local computer 
system does not read directly from the card reader but instead loads 
the output of the card reader on discs for processing. The above times 
therefore do not reflect access time to the card reader. 

When the points and other necessary data have been entered for all 
the faces, LINES is called to construct the line structure in storage. 
Each new line that is to be entered is first checked with all lines al- 
ready entered so that the same line will not be entered twice. As the 
list of lines grows, so does the search time. 

When all lines have been entered, each line is checked to determine 
if it is a concave dihedral. CCVCVX does this to complete the "permanent" 
Structure of the object in the data array. CCVCVX calculates normals for 


each surface and therefore is in part dependent on the number of faces. 
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Each line is then checked so that the time for the second part of this 
subroutine is dependent on the number of lines. The time to complete 
the permanent structure through the combination of LINES and CCVCVX is 
39 milliseconds for the L-shaped block and 0.627 seconds for the air- 
craft carrier. The L-shaped block is composed of 32 surfaces and 93 
lines. 

The object is now fully described in the data array and is completely 
independent of any view specified (with the exception of having a portion 


of the object behind the viewer). 


C. HIDDEN-LINE ELIMINATION 

The hidden lines are removed in two steps. In the first step, HDNSRF 
detects those surfaces which face away from the observer. Lines on these 
surfaces which cannot be seen by the observer are eliminated. All lines 
thus hidden by the object's own volume are eliminated. Each projected 
face must be checked, so the process is dependent in part on the number 
of faces and in part on the number of lines that must be checked. The 
L-shaped block is processed in 5.5 milliseconds and the aircraft carrier 
is processed in 24 milliseconds for this portion of the hidden-line 
removal. 

Alteration of the structure to terminate lines in the focal plane 
takes 2 milliseconds for the L-shaped block and 8 milliseconds for the 
aircraft carrier when no change is made. Each visible line must be 
checked to determine whether or not it should be terminated. In the 
case of the fifth view of the carrier (Figure 39) where the aircraft has 
landed on the deck, eight lines were terminated with new points lying in 


the focal plane. The total time for ALTER in this case was 18 milliseconds. 
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The second step in removing hidden lines is done by examining each 
segment not yet eliminated over its length and drawing that portion 
which remains in view. During the process of examining a segment, the 
intersection with every other segment must be determined. Only those 
intersections which affect visibility of the segment under examination 
are noted. This results in the test being done nl (number of lines) 
times for each segment. The test must be made for all segments not yet 
eliminated. Additionally the nature of the starting vertex must be deter- 
mined as well as the nature of any vertex not found during segment exam- 
ination. The time necessary to determine the nature of a vertex is 
dependent on the number of lines also. The time required for the sub- 
routine CMPUT is therefore related to the square of the number of lines 
in the structure. This is only an approximation since the path taken is 
view-dependent. The L-shaped block is processed in an average of 77 
milliseconds and the aircraft carrier processing time varies between 1.5 
seconds and 2 seconds, depending on the view. The program can be modified 
at the expense of storage to allow intersections of the intersecting seg- 
ments to be saved and thus testing half as many lines. By allowing 
reversed examination of a line, some calls to determine the vertex 


Mature could be»eliminated. 


D. THE COMPUTER OUTPUT 

Three viewsof an L-shaped block are given in Figures 32-34 in the 
computer output section. Five views of an aircraft carrier are given 
in Figures 35-39. The pictures were drawn by the CALCOMP Plotter at the 
Computer Facility, Naval Postgraduate School. Figures 36-39 form a 
sequence as if a high speed aircraft were approaching for a landing, and 


in the final view (Figure 39) the aircraft is on the deck. 
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Associated with each Figure is a set of data making up a table. Each 
table has five parts. Part (a) is a listing of the parameters for the 
view following. Figure 30 is a two-dimensional plot of position for the 
landing approach shown in the last four views of the carrier. Part (b) 
of each table is the listing of the nodes and associated information of 
the data array. Part (c) is a list of the lines and part (d) is a pads 
of lists, LSTFAC and LSTBFC,. LSTFAC lists the points in the order entered 
(reading from left to right). LSTBFC lists the faces blocking various 
nodes. Pointers in the node data point to LSTBFC. Part (e) of each 
table is a listing of the output line list available for uSe by any out- 


put device. 


E. CONTOUR LINES 

The treatment of contour lines presented in chapter V was included 
because contour lines are very much a part of three-dimensional com- 
puter graphics. Contour lines have not received a great amount of 
attention because it has been easier to avoid the problem than to 
develop techniques for working with such lines. Display of contour 
lines has also been a problem. With the ability to obtain perspective 
transformations the display problem becomes one of finding a convenient 
way of handling the lines. When techniques are developed, the contour 
lines can be displayed in perspective with hidden lines removed as with 


the plane-surfaced objects used here. 


F, APPLICATIONS 
The potential applications of the perspective transformation and the 
program for hidden-line removal are many. Two examples are given in the 


Computer output section. In one case just a simple display of an object 
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from various aspects was shown. The second case allows movement of both 
the object under view and the observer. 

The program as developed may be used to display any three-dimensional 
object or structure that can be described by plane surfaces. The crystal 
lattice structure of a semiconductor could be shown as easily as the 
view of the aircraft carrier. The focal length would have to be changed 
to correspond to the size of the picture being taken. The print of the 
picture being taken will always be the reciprocal of the scale factor 
times 1/2 in the units used to measure the focal length. Therefore if 
it is desired to view data measured in microns, the focal length should 
be in microns. 

The computer not only acts as a camera, but acts as a variable size 
camera where both the lens and area of the focal plane can be varied. 

The computerized camera is completely mobile and will present a picture 
from the specified orientation according to the data that was entered 


into and resides in the data array. 


G. DEVELOPMENT 

The elements for perspective display have been presented. Additional 
work may extend the developed programs in a number of ways. 

1. Simulators Using Displays 

For specific applications, the program as developed can be 

tailored to operate at faster speeds. This is especially true if the 
program or a part of it is committed to assembly language. Additional 
flags can identify certain lines that need not be checked. Additional 
lists in memory can speed the search for points or lines. By bit man- 


ipulation, the list of blocking faces can be disposed of and the 
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information can be stored in just a few computer words where each bit 
identifies one face. Special-purpose computers can speed such a system 
where logic choices determine paths and where logic choices are based on 
comparisons. If one section of a computer can handle the refresh require- 
ments of the display system and another section can update in fractions 
of a second, an apparent real-time system could be developed. Small 
angular changes in pitch, roll, and yaw can be handled by shifting or 
rotating the picture already formed. is: small angles the results are 
the same as recalculating the entire picture. These quickened responses 
could be superimposed on the calculated picture between computations of 
new views. 
2. On-Line Computer Graphics 

The elements contained in this study can be applied to modifi- 
cation on-line of the item under view. The feature of adding surfaces 
already exists, though a modification would be desirable to keep LINES 
from redrawing already established lines. A simple flag should remedy 
that situation. Deleting surfaces would take additional work in 
identifying the surface and lines to be removed and in closing up any 
holes left. 

3. On-Line Authorship 

Just as text material can now be written on line and formatted 
by the computer, the insertion of pictures with the text material would 
be a tremendous aid when developing new material. The writer could have 


his drawings done while the ideas are fresh in mind and formatted to 


proper size by the computer. 
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4, Extensions to Curved Surfaces 
The next class of objects in the hierarchy of complexity are 
those defined by curved surfaces. An extension to include the curved 
surface is a natural step although a formidable one. 
5. tactical Displays 
Three-dimensional displays may have significance in displaying 
tactical situations. In this case, some study must be extended towards 
the determination of the best method of representing the information 
without confusion. The ability to move around in space allows a study 
of the tactical situation from different aspects. 
6. Display of Surfaces as a Function of Two Variables 
If the problem of handling contour lines can be resolved for 
large numbers of points, surfaces which are the function of two vari- 
ables could be studied with greater effect than now possible. This is 


an area where much work still needs to be done. 


H. FINAL 

Throughout each application the basic transformations have been on 
points which in turn determine the lines of the outlines. Transformation 
of points is simple and fast. However the connection of the points is 
less simple and becomes time consuming as picture complexity increases. 
Hardware and assembly language can reduce the time required. The com- 
plexity is overcome by following the algorithm presented although 
processing time will increase approximately in proportion to the square 


of the number of lines defining the object. 
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APPENDIX A 


GLOSSARY 


ALPHA The angle of rotation, u into v about the w axis of the 
object. This corresponds to the object's yaw. 


BETA The angle of rotation of w into u about the v axis of the 
object, corresponding to the object's pitch. 


COMPUTED NODE All visible segments from this node have been examined. 


DIRECTION COSINES Cosines of the angles that the new axes (after 
rotation) make with the old axes (before rotation). 
These are different for the two cases of either Euler 
Angles or Fixed Angles. 


DISPLAY COORDINATES Division of the second and third perspective 
homogeneous coordinates by the fourth coordinate results 
in the horizontal and vertical display coordinates 
respectively. 


EDGE The intersection of two faces in three dimensions. The 
two-dimensional equivalent is the segment. 


EULER ANGLES The axes of an object turn with the object and all 
rotations are then about the new orientation of the 
axes. The specified order of rotation for this study is 
Alpha, Beta, and then Gamma. This order agrees with the 
use of Euler angles in aircraft coordinate systems. 


EXAMINED SEGMENT The segment has been examined for all intersections 
and drawing information for that segment has been 


computed. 
FACE The portion of a plane bounded by the edges and used to 
construct some object in three dimensions. The two- 


dimensional equivalent is the polygon. 


FIXED AXES ROTATION The axes of rotation do not turn. All rotations 
are about fixed axes which will not move. 


FIXED INERTIAL REFERENCE With no movement or rotation of either the 
viewing plane axes or the object axes, the object axes 
and the viewing plane axes correspond and define the 
fixed inertial reference. 


GAMMA The angle of rotation of v into w about the u axis of 
the object, corresponding to roll of the object. 


a7, 


HOMOGENEOUS COORDINATES Real-space coordinates are multiplied by 


some factor which then becomes the fourth homogeneous 
coordinate. In this floating-point implementation the 
coordinate is set to l. For fixed-point implementation 
this factor can be a normalizing factor for each point. 


HOMOGENEOUS TRANSFORMATION MATRIX The 4 x 4 matrix which can be used 


NATURE 


NODE 


OBJECT AXES 


to transform any four-dimensional homogeneous coordinates 

to perspective homogeneous coordinates. This matrix com- 

bines Gotation, movement , perspective, scaling, and of fser 
transformations. 


The set of faces that obstruct a node from sight. 


A three-dimensional point, normally the intersection of 
two or more edges. The two-dimensional equivalent is 
the vertex. 


The coordinate system in which the object is referenced. 
The object is that which is to be displayed. The axes are 
labeled u, v, and w. 


OBJECT AXES MOVEMENT The movement of the object axes in respect to 


OFFSET 


a fixed inertial position. 


The distance from the center of the whole picture to 
the center of the enlarged picture. 


ORIENTATION OF THE VIEWING PLANE The angular rotation from a fixed 


PHI 


PSI 


SCALE 


THETA 


VIEWING PLANE 


VIEWING PLANE 


Inertial reference. 


Angular orientation of the viewing plane about the 
xX axis. 


Angular orientation of the viewing plane about the 
Z axis. 


The distance from the center of the picture to one edge. 
A normal picture (no magnification) has a scale corres- 

ponding to 1/2. A scale of 1/4 would be a magnification 
of 2. 


Angular orientation of the viewing plane about the 
y axis. 


AXES The coordinate system based on the viewing plane, 
such that the picture is contained in the yz plane and 
the focus is on the positive x axis so that the viewer 
looks into the negative-x half space. The observer's 
position will always be the focal point. 


MOVEMENT The movement of the viewing plane from a fixed 
inertial position. 
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WIRE FRAME A drawing showing all the lines whether or not those lines 
are hidden. The drawing appears as though the object is 
made of wires. 
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APPENDIX B 


FORTRAN IV PROGRAMMING DIFFERENCES 
Although the attempt was made to program the IBM 360-67 and the 
SDS-9300 as nearly alike as possible, some differences were necessary 
due to the individual characteristics of the two computers. The 
properties discussed here are those which caused differences in pro- 


gramming the two computers. 


A. INTERNAL SUBROUTINES VERSUS ENTRY POINTS 

On the IBM 360-67, entry into a subroutine is allowed through the 
use of an entry statement. The statement takes the same form as a 
subroutine statement except that ENTRY is used in place of SUBROUTINE. 
Arguments are allowed if desired. However, no subroutine may be called 
by itself through any of its entry points (not reenterant). ENTRY 
statements encountered during the execution of a program are treated 
as CONTINUE statements. 

On the SDS-9300, no ENTRY statements are available but internal 
subroutines are allowed. Internal subroutines are similar to the usual 
subroutine except that no END statement separates those subroutines 
internal to a larger subroutine. During execution, the program is not 
allowed to run through any SUBROUTINE statements. 

The use of the entry points and internal subroutines allows the 
named variables to be available anywhere in the group of internal 
subroutines. This allows entry into the various routines without the 
need for a long string of calling arguments. A blank or named common 


would have to contain many variables to be used for this same purpose. 
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In both computers the main subroutine must be called before calling 
an entry point or an internal subroutine. The entry points on the IBM 
computer were treated as internal subroutines in this application. 

Since the IBM-computer program cannot enter any of its own entry 
points, those subroutines which are called while executing an internal 
subroutine must be placed in a second subroutine with internal sub- 
routines (entered by ENTRY statements). Thus the subroutines in QSCRB1 
are called by the internal subroutines of DESCRB in the IBM-computer 


program. This was not necessary for the SDS computer program. 


D. DO LOOPS 

DO loops on the SDS-9300 computer are tested before entering and if 
the index value is greater than the terminal value (positive incre- 
menting) the loop is not executed at all. In the case of the IBM 
computer DO loops are always executed at least once since the index is 
not checked until the end of the loop. This made it necessary to insert 
protection statements wherever the possibility existed that the terminal 


value might be less than the index value. 


C. WORD LENGTH 

Integers on the SDS computer are each one computer word (24 bits) 
long. Real numbers use two computer words and double precision uses 
three computer words. The IBM machine uses four bytes for both real 
numbers and integers unless otherwise specified. Specifying INTEGER* 
wili cause the specified quantities to be represented as two-byte 
integers. However no library functions can be used with two-byte 
integers. The variables in two bytes must first be converted to four- 


byte integers before even the absolute value can be found. 
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D. MULTIPLE ASSIGN STATEMENTS 


The SDS computer allows the use of multiple assignments such as 


When convenient, these multiple-assign statements were used in programming 


the SDS-9300 computer. 
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APPENDIX C 


USING THE PROGRAM 

Although there are differences in coding between the computer pro- 
grams due to the differences discussed in Appendix B, the use of the 
programs is quite similar. Since only minor differences must be taken 
into account, this discussion will apply to both computers. The excep- 
tions will be noted. 

The computer programs for both computers may be found following the 
Appendixes and preceeding the Bibliography. These may be referred to 


for illustrative purposes. 


A. DIMENSIONING REQUIREMENTS 

The user must dimension the following arrays with dimensioning 
statements similar to those listed. 

DIMENSION ARRAY(N,13), IARRAY(2,N,13) ,FNORML(N, 3) 
DIMENSION LSTFAC(NT), LSTBFC(1) 
DIMENSION XSTART(NL), YSTRAT(NL), XEND(NL), YEND(NL) 

All of the integer variables must of course be replaced by the 
appropriate integer. The integers are defined as minima, and may be 
larger without any degradation in performance. 

N is equal to or greater than the number of different points used to 
describe the object. 

NT is equal to or greater than the total number of all points entered. 
Every point is counted in this case each time it is entered. For example, 


if the object were a cube bounded by six faces with each face determined 
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by four points, the total number of points entered would be 4 x 6 = 24, 
although N, the number of different points would be 8. 

If however, part of the viewed object will be behind the observer, 

N must be increased by one for each line that passes through the 
observer's plane since additional points are computed to determine 
where each line should terminate. 

NL is equal to or greater than the number of lines that will be used 
to draw the finished picture. 

For the IBM 360-67, IARRAY must be specified to be a two-byte integer 
array (i.e., INTEGER*2 IARRAY). JIARRAY must overlay ARRAY such that two 
words in IARRAY occupy the Pane length as one word in ARRAY. 

Two EQUIVALENCE statements are required. The statement 

EQUIVALENCE (ARRAY(1,1),IARRAY(1,1,1)) 
will properly align the real array and the integer array. This statement 
is mandatory in this computer program. 

The second EQUIVALENCE statement 

EQUIVALENCE (FNORML(1,3),LSTBFC(1)) 
is used to conserve space by using a portion of the FNORML array for 
different purposes in different sections of the computer program. If 
this EQUIVALENCE statement is not used, LSTBFC must be dimensioned large 
enough to hold all of the blocking faces (a number which varies with the 
object and the view). The value of NF should generally be large enough 


For the array LSTBFC. 


B. NAMED COMMON 
The program requires the use of a named common which holds the angles 
and positions of the object and of the observer, as well as certain other 


information. 
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The COMMON statement is 


where 


COMMON/SDFB/ALPHA , BETA ,GAMMA , PSI, THETA , PHI ,OBJMV(3), 
IVIEWMV (3), FOCUS ,YOFF,ZOFF ,SCLE,HMATRX (4,4) ,OBSPOS (12) 


ALPHA is object rotation about a vertical axis. 
BETA is object pitch. 

GAMMA is object roll. 

PSI is observer rotation about a vertical axis. 
THETA is observer pitch. 

PHE is seer COLL. 


OBJMV is an array containing the three inertial coordinates of 
the origin of the object axes in an inertial frame. 


VIEWMV is an array containing the three inertial coordinates of 
the origin of the observer's axes in an inertial frame. 


FOCUS is the focal length used to 'take' the picture. 


YOFF is the horizontal offset™irom the mormal cemter Ofeene 
picture. 


ZOrE 1S the vertical offset fromthe normal eenter Greethe 
picture. 


SCLE is the normalized distance from the center to the edge of 
the picture. With no offset this distance is 1/2. 


HMATRX is a 4 x 4 matrix which is used to transform each point 
to its value in the picture plane. This matrix is calculated 
once for each view. 


OBSPOS is an array which contains the locations of three points 
in the observer's focal plane expressed in the object coordinate 
system. These positions are calculated once for each view. 


C., EXTERNAL STATEMENT 


The name of the subroutine which will be used to enter the object 


description will be passed as an argument in a call to subroutine DESCRB. 


The name therefore must be declared EXTERNAL. If the provided subroutine 


is to be used, the statement is 
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EXTERNAL READCR 


and this statement should appear before any executable statements. 


D. INITIALIZATION 

In the case of the SDS-9300, internal subroutines are used to take 
advantage of access to variables in a number of the internal subroutines. 
The IBM 360-67 program utilizes entry points to accomplish a similar 
characteristic. Both computers require an initial call to identify the 
arguments. This call need only be made once while using the program. 
Since the initialization procedure resets many flags and pointers, the 
call to DESCRB should only be made when a new object is to be described. 
Previous descriptions are lost. 


CALL DESCRB(ARRAY , IARRAY,FNORML, LSTFAC ,N, READCR, 
IXSTART, YSTART,XEND,YEND,NLINES , LSTBFC , NUSED) 


All of the arguments have been previously introduced except NLINES 
and NUSED. NLINES is the number of lines drawn for the completed view 
and is less than or equal to NL. NUSED is the number of different 
descriptive points identified by the program and will be less than or 
equal to N. Both NLINES and NUSED are calculated within the program. 

Only that portion of ARRAY that needs to be cleared will be set to 
zero. ARRAY may be completely cleared before starting if desired, but 
it is not required. DESCRB will initialize pointers and set the angles 
defined above to zero. Positions of the object axes and the observer's 
axes will also be set to zero with one exception. The object will be 
moved 40 units away from the observer plane (focal plane). The focal 
lengthewill be set at 1,5 nits and the seale will be set to 1/27 = "mae 
sets will be set to zero. Any desired changes in these values should be 


made arter the imitial call to DESCRB. 


£36 


The observer looks into the negative half-space. Thus the object is 
initially placed at (-40.0, 0.0, 0.0). The remaining positive directions 


are to the observer's right and up respectively. 


E. DESCRIBING THE OBJECT 

The object must be described by bounded plane surfaces called faces. 
Each face is described by listing the points which determine the bounds 
of the surface. The points must be listed so that the surface is always 
to the left when traveling from point to point. The first point for each 
face must be a corner point since the last point, the first point, and 
the second point are used to calculate an inward pointing normal and 
therefore cannot be allowed to be collinear. In each face each point is 
connected to the preceeding point and the final point is connected back 
Boemene first point. 

To enter the points of a face, the calling statement is 

CALL FACES 
and this statement must be used for each face. It is convenient to use 
a DO loop to enter the faces. 
DO 1 J=1,NFACES 
CALL FACES 
1 CONTINUE. 

Of course NFACES must be an integer number or must be defined before 
invoking the DO loop. Each face is then entered in turn using the sub- 
routine specified in the initializing call to DESCRB. If a subroutine 
other than READCR is used, the subroutine must have dummy arguments that 
correspond to the arguments used in READCR to be compatible with the pro- 
gram. Two arguments are necessary. The first is an integer variable and 
the second is a single-subscript array of real numbers dimensioned for 


three coordinates. (DIMENSION TEMPIN(3) is an example.) On the first 
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call to the subroutine, the number of points contained in the face is 
returned in the first argument. The succeeding calls return the three- 


dimensional coordinates of one point for each call where 


TEMPIN(1) = u 
TEMPIN(2) = v 
TEMPIN(3) = w 


in the object coordinate system. The subroutine will be called to read 
the point coordinates until the specified number of points have been 
read. 

If the subroutine READCR is used, the data will be read by the card 
reader. The first data card for each face contains the number of points 
in that face to follow. This integer must be right justified to column 
10. Each succeeding card contains the three coordinates of one point. 


The FORMAT expected for the coordinate points is 3F20.6. 


F, COMPLETING THE DESCRIPTION 
When all the faces have been entered, the points within each face are 

connected by 
CALL LINES 

followed by a subroutine to identify the concave and convex dihedrals. 
CALL CCVCVX 

This completes the structure within the computer. These subroutines 

are not called again until the object to be displayed is changed. As 

many views of the object as desired may now be developed by calling the 


succeeding subroutines. 


G. DEVELOPING THE PICTURE WITHIN THE COMPUTER 
Before continuing with the computation of the picture from the 


stored structure, any desired changes in values of the angles or positions 
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of the object and the observer must be entered. Changes in focal point, 
offsets, and scale should also be made at this point. When these vari- 
ables are set to the desired values (if not set, these variables remain 
set to the last value used, or if not previously used are set to the 
values described in the initializing procedure), the following calls are 
made. 

CALL ERASE 

CALL CONV3D(N,ARRAY , NUSED) 

CALL HDNSRF 

CALL ALTER 

CALL CMPUT 

The call to ERASE need only be made after a previous view has been 
developed. Calling ERASE before developing the first view will not 
degrade the result however. This subroutine resets flags in the 
structure. It will also reconnect the lines to their proper points if 
the subroutine ALTER was used to modify the structure. 

The subroutine CONV3D converts the three-dimensional points to the 
two-dimensional points in the picture plane. The arguments have been 
previously defined. Additionally CONV3D causes the position of the 
observer to be calculated in terms of the object's coordinate system. 
This information is used during hidden-line removal. 

Some surfaces of an object will be hidden because they face away from 
the observer. Subroutine HDNSRF identifies those faces and eliminates 
them from further consideration for the view being developed. 

The call to ALTER only need be made when a portion of the picture 
is behind the observer. This subroutine cuts off the lines passing 
through the observer's viewing plane. If it is known in advance that 
this condition will not exist, ALTER need not be used. ALTER modifies 
the line structure for those lines passing through the observer's 
viewing plane. 
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The final call to finish developing the picture is to CMPUT. Each 
on-view line is traversed and those visible portions are specified to 
be drawn. Those portions not visible are suppressed. 

The form of the picture is now an array of NLINES lines with 
starting points in XSTART and YSTART and end points in XEND and YEND. 
Any type of display device may now be used for output using only this 


list of lines. 


H. CONVENIENCE SUBROUTINES 
Several helpful subroutines are included to aid the user. These 
subroutines are not necessary to obtain a picture, but are helpful in 
using the program. The calls to these subroutines are listed for 
reference. 
CALL DATSTR 
CALE LABEL 
CALL DRAWVP(NLINES , XSTART, YSTART , XEND, YEND) 
CALL DRAWIT(NLINES , XSTART , YSTRAT, XEND, YEND) 
Ll. Subroutine DATSIR 
This subroutine will cause a printout of the data stored in 
ARRAY(N,13). The single-subscript arrays LSTFAC and LSTBFC will also 
be printed. The starting and end points of the lines in the picture plane 
are also printed (visible lines). 
2. Subroutine LABEL 
This subroutine will printout the angles and positions of the 
object and the observer, and also the offsets, focus, and scale. This 
subprogram is convenient for data taking. 
3. Subroutine DRAWVP 


This subprogram gives a line printer drawing of the picture 


developed and is useful in program development. Lines are drawn by 
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six different synbols--i.e., the first Six ames areoveache prime dawien 
a different symbol, with a maximum of ten per line. Then the symbols 
are repeated for every six lines. DRAWVP is dimensioned for 100 lines. 
If more lines are drawn, the dimensions of DRAW and JXY in DRAWVP must 
be increased, but the picture will become quite confused. 

This subroutine requires another subroutine to be furnished. 

The required subroutine is VPLOT and is available in the primary library 
of the Naval Postgraduate School SDS-9300 computer. When using the IBM 
360-67 computer, the subroutine must be furnished. VPLOT was developed 
for the SDS-9300 computer at the Electrical Engineering Computer Labora- 
tory by Professor R. C. Johnson. Changes in the symbols used in plotting 
must be made in VPLOT. 

4. Subroutine DRAWIT 

For a hard copy drawn by the CALCOMP plotter, the subroutine 
DRAWIT is convenient. This subroutine utilizes the local IBM 360-67 
NAVPGSCOL plotting package (Ref. 35). 

This subroutine should be developed when needed to fit a specific 
application. The subroutine DRAWIT is used as an example to show how 
the plotting package can be utilized in conjunction with the three- 
dimensional program. The title and identification specifically are 
user functions. Before using this subroutine, the user should consult 
the referenced technical note. 

An alternative to this subroutine is the IBM 360-67 DRAW 
routine which also utilizes the plotting package. DRAW is a much more 
general program and thus will be more expensive in computer storage and 


computing time. 
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I. INTERPRETING THE STRUCTURED DATA 

Certain problems will occur if the data is not correctly entered. 
The fastest way to check the data structure is to call DATSTR. Study- 
ing the printout may reveal where the problem lies. 

The program assumes that every line is the intersection of two 
planes. The two planes involved are stored in column 11 of the array. 
This requires that all lines must be entered at least once in each 
direction. The same points used to enter a line in one direction must 
be used to enter the line in the reverse direction. If a line is 
entered as two segments in one direction, it is necessary to have it 
entered as two segments in the opposite direction. A line can be 
drawn on a plane by entering the line first in one direction and then 
entering it in the reverse direction. Figure 31 illustrates these two 


special cases. 
mR a 
A 
B C 
me “ 


D E 
FIGURE 31 


ENTERING LINES 
Let surface 1 be ADECB and surface 2 be ABCFGH. The surfaces inter- 
sect along ABC. Line BG is a line to be drawn that lies entirely on 
surface 2. Surface 2 can be entered by entering the coordinates for 
the points in the order ABGBCFEFGH,. The line BG is then entered 
as part of surface 2 first in the direction BG and then in the direction 


GB. When entering surface 1, the order can be AD EC B. Line CA must 
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be entered as two segments (CB and BA) since the surface that it inter- 
sects with is entered as AB and BC. 

In the data structure, column 9 is the line list which lists the end 
points of each line. Column 11 is a line list which lists the two sur- 
faces which intersect to form the line. Column 10 is a continuation of 
Calumn 9 and column 12 is a continuation of column LI At the end on 
the line lists one space is skipped and the remaining space is used for 
scratch storage during computation. If both integers are not filled in 
column 11, the line was entered in only one direction. The line must be 
emimeted in both directions. 

The minus signs are used to mark the various segments. Hidden lines 
are marked with a minus in the first integer of column 9. A line that 
has been examined over its length for hidden parts is marked with a minus 
in the second integer. A minus in the first integer of column ll indi- 
cates the line is an intersection of two planes forming a concave 
dihedral. 

Column 13 refers to the associated points. The first integer 
specifies the number of surfaces obstructing a point and the second 
integer is a pointer to the single-subscript array LSTBFC which identi- 
fies these surfaces. 

Some points will have zero for both integers. These points were 
hidden and thus never entered into the computation. Those points which 
have a zero for the first integer but a number for the second integer 
have no surfaces blocking them from view. The current pointer is always 
entered whenever the nature (number of faces blocking the point) is 


mound aS an indication that the nature is now known. 
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Column 8 is a list of the surfaces. The first integer specifies the 
number of points in the surface. The second integer is a pointer to 
LSTFAC array which contains each point in the order entered. A minus 
in front of the first integer indicates that surface is oriented away 
from the observer such that it is not on view. 

Columns 1 - 3 are the original coordinates entered. Column 4 is a 
depth column for the points in the current view. Columns 5 and 6 are 
picture plane coordinates of the points. Column 5 is the horizontal 
component and column 6 is the vertical component. The first integer 
in column 7 when set to 1 indicates the point is an end point of at 
least one concave dihedral. The second integer in column 7 is not used. 

If difficulties cannot be resolved by examination of the structured 
data alone, reference between the algorithm explained in chapter VI and 


the data structure should reveal the nature of the difficulty. 
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PARAMETEPS (EUR THIS 3) ew 
NBJECT POSITION (1) -225 
IRIE POS Teen (2) =e. 
Begec | PUSTTIUNI 4) Boe2 
QBJECT ANGLE ALPHA wee 
QBJECT ANGLE BETA Oe! 
OBJECT ANGLE GAMMA ene 
OBSERVERS POSITION (1) 4730 
CBSERVERS POSITION (2) V0 
OBSERVERS PCSITION (3) 402° 
CBSERVERS ANGLE PSI arse 
CBSERVERS ANGLE THETA io airy 
CBSERVERS ANGLE PHI YC 
FOCAL LENGTH 1.5 
SCALE 2.5 
MERI ZENTAL OFFSET Oris 
VERTICAL OFFSET Yel 
TABLE I 


PARAMETERS AND STRUCTURED DATA FOR L-BLOCK (1) 


145 


OK ot betsy RH RHOICIA et 
eS 
oi 
Te GOS etl Ci Ceu 
x. 


7 
ORD CCV/CVX 


nn en Od ee Oe 


- 
. 
Fd 
~ 


heer 


D si DUVananh sPAQ Ws 
WNOOAWOO¢d Aa Detm 
THAIN RLY DOINUVARI OWA 
TUR NOOO CO et. eH 
eeeeeee#ee#eee @ 
WUIMDOOGOCOO°? 
1'tpeboeve ts 


3 


O 


PLANE C 


NTT NWMOMOOMOWN 
LLP OO OR BM HALAS OM 
AFOOT MOSAOMOC eH 
DAINAIONINAE C02 Coan 

i~}— @ © © e@ @ @ «€ © @ © @ @ 
CCU Fi ees SE 
co tt (rrtruet 
QO 


f ae OMT NO OTMN 
SOAs OM OPO: OPO 
TOnNAQin DaDOParsona 
AO Met OS OIAIS SAT 
STQeeeue3eeeeet © @ 
Me OOO Or Minion marc 
CU WL UNO OOO OR 
(rtrtt tretbedtdel 


Oc cs Ce ee 

Og ul Co Cla Sts 

WwW wot ce Grin 

mR COI MEIC DOC O 

M<Ie eevee eeerkt eee e 

ZCKLWVM AS OWN AN 
—" 


COORD 
ay 
ha 


ie & CCG 

WO OOOIAaCO 

wel GOecQc: 
DOCS COCoaIweu: 
AI © e@ ee eo eo oe ele le 


QOChmoiWwGa MHmMmM oe ! 


Pmt geen go oto 

Y 

Pe 

LJ 

=. 

= Cow Oooaiw o) 
a WOUCOCIOUO 
! COVWOOCCO 


UWI Ct CICS 

etil) @§ @@e@@@e@@e @ @ @ ®@ 
&w C2 VICTIM O OUV0 0 
P 


11 | mt | me 
— '4 | 
=. 
= 
te god 
aU ANOS UNO OO Coa A 
Se “mt 
{_) mame 


146 


WY 


Uy 
Oth OU OOC HTANIC © 
< 

NU 

io 


a DONNA CH OS4tOMC ci: 
WY 


Ss) 
rs 
— 
= 
QING DO eh FOU NOE 
Lu 

mY) 

mt OL 
WI trent CCI O MOM ST 
ars ' 
z= 
re) 

OMANNMNOCOOCC 
td at et ot ed 

OW | t } 

“re 
ZOTATIMONMCOO 
= <b ee (- 

Cc ‘ t 

a 

Cc 

z 

WNOYFFINO ODO OOM 
ae it eae 

Ow j 
< 


mt ION OO) mt ILA OP OG OP 
wd iy | 


MA OM) HOt 
“Y aN 
OD Li 


YO 
asyvyeseTTOOCC dH 
UL \ rret 


= 

> Te oe 

aD) ge 

SILIMOIMOSTOOM OO Dat 
ag ad nd 


() = 


LSTFAC 


TH OX pe 
mA 
p= 
Nah 
~ Oe alle 6) 
WON 
— 
acre 
= 
TRNO 
id 
COLNE) OG 
NOTA 
a= 


aD etry 
aot 


LSTBFC 


VISIBLE LINES 


Se ge gs gD gw lo QR Et 
QAROO DCW Li sA@DWUNG 
™NADAONAAANANAN 
WI BOWUNM MONA HOOOOm 
YS NHN OSMAN HOMO 

NAM AN AD eet 

e@eeeteteeeee%rteeee@ @ 

WOOdCoOoOoO0OCC 

preebeta t ' ' 


ATAIOS OS HH Oe 
OHO SHAE Oo Mm 
ZtafnadGNnonrsn 
LL ON Bh O CUR Het SOHO 
MATS SHO OD HC: 

NNANNAIDOCNE 

e@eee8@©}@}6wUlumhC<C HC UCU OlUlUCUCOhUCUC OUhUC OhlUD 

aaah aaa 
| } Q 


esr roost re 
KLmODAROAEDNWOD 
AMAANORAANA ON 
b= NIN CO MO CO COC HC OC 
DM HANAN OWMdet.0O 
~NWOMOO Ott ete 
eteeeeee#eet8 @ ee @ 
OGoOooOVGOCCCU 
(reroertoe ‘ 


mT TANNA tet 
COUN Het et OO OU 
Does PPr PS OMNIA 
me AANA MN STN 
AT TUVOAININ® OY) OE + 
XKNNAIAINNOOMmOaN 
eeeee#ee8ee#8e% @ 
COOGGEGk- GAcoc 
[DO ORG fe eee ea | 


147 





FIGURE 32 


PARAMETERS FOR THIS VIEW 


OBJECT 
CBJECT 
CBJECT 
JBIJECT 
OBJECT 
esaECT 


POSITION (1) 
POSTT1OM (2) 
POSITION (3) 
ANGLE ALPHA 
ANGLE BETA 

ANGLE GAMMA 


CBSFRVFRS POSITION (1 
OBSERVERS POSITION (2 
SUSER VER S°PCSTTLON G3 
OBSERVERS ANGLE PSI 
OBSERVERS ANGLE THETA 
CBSERVERS ANGLE PHI 
FOCAL LENGTH 


SCALE 


HORT ZERTAL OFFSET 
VERTICAL OFFSET 


) 
) 
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TABLE II 


PARAMETERS AND STRUCTURED DATA FOR L-BLOCK (2) 
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PARAMETERS BOR SETS View 


aooee ! PUSITION {19 
SaIsect POSITICN (2) 
meseCt PGCSITICN {3} 
QBJFCT ANGLE ALPHA 
CBJFCT ANGLE PETA 
OBJECT ANGLE GAMMA 
GroeevERS POSITION (1) 
MBSERVFRS POSITION (2) 
OBSERVERS PCSITION (3) 
CBSERVERS ANGLE PSI 
QBSERVERS ANGLE THETA 
DeSseRVERS ANGLE PHI 
FOCAL LENGTH 

SCALE 

HCRIZENTAL OFFSET 

Vee iGAlL OFFSET 


TABLE III 


PARAMETERS AND STRUCTURED DATA FOR L-BLOCK (3) 
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FIGURE 35 


PARAMETERS FOR THIS VIEW 


OBJECT POSITION (1) 
CBJECT PCSITION (2) 
CRJECT POSITION (3) 


OBJECT ANGLE ALPHA 
OBJECT ANGLE BETA 

OBJECT ANGLE GAMMA 
CRSERVERS POSITION 
CBSERVERS POSITION 
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(1) 
(2) 
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CBSERVERS ANELE PSI 
OBSERVERS ANGLE THETA 
CBSERVERS ANGLE PHI 


FOCAL LENGTH 
SCALE 

HCRIZCNTAL OFFSET 
VERTICAL OFFSET 


TABLE V 


PARAMETERS AND STRUCTURED DATA FOR CARRIER (2) 
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PARAMETERS FOR THIS VIEW 


CBJECT POSITION (1) eae 
OBJECT POSITION (2) one 
OBJECT POSITION (3) 0. 
CBJECT ANGLE ALPHA are 
OBJECT ANGLE BETA Cras 
CBJECT ANGLE GAMMA uC 
OBSERVERS POSITION (1) 1300.0 
CHSERVERS POSITION (2) 43.5 
CBSERVERS POSITION (3) 80.9 
CBSERVERS ANGLE PSI Loe 
CBSERVERS ANGLE THETA 9.0 
OBSERVERS ANGLE PHI 066 
FOCAL LENGTH 1.5 
SCALE 0.5 
HORIZONTAL OFFSET C.0 
VERTICAL OFFSET 0.0 
TABLE VII 


PARAMETERS AND STRUCTURED DATA FOR CARRIER (4) 


178 


LU 

OL MMANIAQUINININ NAAININ AINA OI NAIN AI CALA LAU SP RTL LAU LALA LALALALUN GC Con eG 
= 
mip 

Wo CUOUIC COL OOGOUL OCG FAQS SNC OOOCCOUCSMOOC OK 


N 


“SOC ORCI C COCOONS AG Ost atet Gatti COO CHING Ceac:¢ 


D CCV/CVX 


ORME COO OS AM SOM ST PTUNN DOLD NE SPSS ROM ON OMNMOOND 
LWIA TUNE & HOON NOME NP OOO SPN OSs HO SHO HHH ON 
DOUOALAM EE Cr LOMO OPM OP OO aR OD AAAN HOMO CIO COMO UPMOCA DA 


OL FE EC NNMOMMOMO MONA ASSO OO CSA AORCOAN 
OW eeeeet eeoereeerteeeeeeeteeeveetereetrtesveeeet te © oe & © @ @ 
VOOM COD OVGOOQOQKOOKST OVO COOODQOGCOOSODWGCOOCG 
“urd ge ere berber perorbbrtrrrrbrrebtrrbr bbe i - pe 
< 
<I 
—) 
Qo. 


LANANMNMOODYIOTMOATH ODT QOANETOURAR Er HOE NOOC CIO 
WONAMDMIAM STM ODOM OBST TC OP MOT OMOMAMD OMS TON MOMarercs 
ZYOANAON CH AON OM MM ae CMOOSHE OEE OAOMNAINNNMNE OOP Aes 
DAT MO HIE DADNAl OVOAND CMM DD NYE NDMNM D OAULIAWUVIN@® Ma fF O 

lib © @¢© © @ @ eet eee*erseet eeeetegeae eet ¢eee#f ee 6¢eeee @ 
COP MA OD AIIM YQOE ODO ORO AOVMIBOL OO OONE IE CAEN Ci FS CNOVE > 
— i i | i | 
ee 


CUE ATRMNN VS FANAT CRM DAHMADOMDOADOPOOODOOMOONKMMN 
OANA FSOPMAUNNMMOAMAMONNNAMODSFHOmMmoapoosooasrrer~rwrnnro 
CAUSNAIMAN OF ORMMAMAMMACOAOAIM 0D OINME DONINNAIDD Naaqonm 
meUAT AUIS ODMNTUODOS SFINDP MayPfHeDDAOODDIONNOPP HT SHAD eo 
TA e @e e@oeeteeeereesveeeeeeeeteeteeeeteeeeeeete@eeee ee © @ © @ 6 e @ 
WOCOTFAOA DOONAN NAM NANANADROMMNS VDODMMADARECSY CMOAMNOAO 
DAATNOONDOCOOMAINNA AMADOR LNES MOASFNWNMHMOANOOCORHAANS 
NAINA A MATAIAQIN A AUD AIM MAM F FINN ODA NU ULA UD OO QUWUININN © 
Be ES ee ee ee 
| 


COOMNOVCOOO OOOO OT COOOSOPTAWMWODOOVDOOAOOOCCOCNOM 
AMMO OOIGOdIGOVMOCDOOOGOOCMVOWOSIOOOOVOWVWOGOHE: 
WC OOC WOCOCNOOOCGQOQWIOGTAGQGICOVGVOWMVOOOUNONH 
EKOOSMAICOOVDOOCCODOVUGACCCOOCNOWWMDMWDOAOWVOACOMOOE:&) 

[Ieee ee et*eeeeteeteeeeeteeeteteeteeteteteetes © © Oo @ 
Ze RR Pe PP Re Pf RP RPE RR EEE EEE OOOO EOE AIRC: 
wm UN LEN UN LEN LN LY LEN UN ULN USN LN UN DN LS UN UN LN UN ULV UN LIN UN UN URN UN TN PP t d  t p 
| rgd rd a 
cc 
©) 

CO 
ON Oresl2 KS MQOQOAQgCCOBMAQONOQOOOIOOOAGOGOGQOAOC dS a 

QO COC SC§OCOWMOOGODCOCOSOCQOAOGOOOMOCOVOCOCWOGAEGO C¢ 
SAQ QAIOCCAMMODANVCCOCOVODCOSOOMTVANNQGVOOCAOMGOOIMOCG C 
DAO OVIAODNE OEM ANONOOOAQOOMNNC GOMNCOMNMNMNUDAOAN 

oN ae ee ee ee Se es Ss rr rr rr er rr 2 ee 2 2 2 2 er 2 | 


ON ON TAHAHRONNATUIMMHONOT TQOONNTMONGATT ODONT TOCO 


VY) I Dios ee a } re | xX rd wed pled “x xe rot pe 
a | \ ' 
Li 
= 
— KROUVUVOG COC WOVYUQOVUGOUOOCVOOOCVOCTONGUGAGOWS 
a BDOWVUVUCOOCSTCOCCOC OO OGVOVOOOOUCCGLOGOGOOWO98 
\ POC OOOLC OCVOCCVOCOVGVUOGVOOSOMOOCVMOOOOOVGC VO 
WOW MOVWOVOC VOWN OME 2DOUG ICON QOU VO SVUEUUWUVUOU 
equ @ @ @@#e@eeee8e@e@@e4#e8 @@e@@e@ Ge eee eG Oe el OehlhlUcrhUcOOhChUCUCOOhlUCUcMMhUchhUCUhhlUchHMUhOhUhHhUhhUh 
SOGOMMNDA DONMAAMNCOS OOM FFE TNS SO DDOODMMEH AMENHT 
el UN QILNE? OFS UAL OUD MEO AIQAIS FRA SFAOAKAHKnnsr7T 7 ew7rnet 
-— MANAROODAMOIMNATAST ADO HUDOMMODOOODOOOOOOODO ™ 
seemtet ot od 
ras 
> J oe 
Se 


SWANS AOM OR ORNQMSN OM OHOANIMPNOPE ON OANMOATNOF OOO 
a | cme. Sd ed St St SS OIC AION OUI AICI MM AMMO MAM MOAT 
(_) ome 


179 


Li 
Ose OCs Oe tS ONO NIGCIOGINIC ia wee COC omc CeO. Se EC OF 
ES: co 
=e 

Sa ee ae a AOC OGOOGCOCOOGCOOOSGOOCGOouace 


< 
> 
Y 
MNO Catt Atl ANC HEA AOOCME COCMOCOGUC OOOOCCOC Gs 
> 
O 
OO 


Ow OP OPTOM CBO NA CO OWI Ram 
YCLODIOMAM FOWOMIENE AIM OOODAOE™ 
ONAM AT OW OIAM OE MOINS PORE PL YY 
OA AIOE CAO COC AA AINCVM ON ACO OE OO OEP Ch Oe CsI C CaO Ore: 
DO e@ © @e eo eG eeseeee eee eo emcHmUOC HOCUMhHMhUCUCM CHC CHO HKHC HHH HLHhmUmLUORMDLmUChOC©MUMhOhChUchOhUcMFhUchOChUCUhChUhhUcCOUhUCO hU 
ee an GTR RT ee gee 
! ! ! | ' } ' } | 


DRED ADBLATOMMNE ID DNDMADOOAIMOOCE COONDOOCOCOOC OO 
[\h—- 0@ @ @eeeefteeseeteteee@erteeteteeeteeeteeeeet @e fee @@ © @ @ @ 

GES CR, ONS OO CN Og Ns AO GN, ONO CMON EDEN OCs (am Corl 

me ' ;ree 

o. 


QIN OMAOM ON AOR DONORS SOD 

ST OWPM QMNAAONOANAOMNNE WOT O 

STM OLTH FRNA MONA OMT ONA MANY 
ODO AROMA SF OW CI ONMM DIFNDOOEMNMI COO COOCOOC COCOONS UE 
TO. ef ee eteereeeeeeeeeteeteeneereeteeereeeee et © © ee © @ @ @ 
WAOOMAA OOD DW DMMaANN HIND DOOAAH FOOOO DOOM OOMNE AGN 

AAMONODT FOAM MN GH AINCOONO OW 

NNDMNUADN ONDA OF SMMOANNNMOAAA 

eae Ree ee eh ie 

! ! 


OOOOOOOOAGOOCVXCOCSA 
a MOOOUOC COCOMACS8UGUCO 
Cou pe, We 1 la Y iar OO YO Kee LY ce Il Se ah es x wT cap 
FC CO DOO OOO BOON HOC OBECOOGOL OOM ae SBOooaanc 
MHee“e8cvefg © e® et enwxeeeteteeeteeeeegeet eo? eeee#er#e ef © @ &© @ 8 6 @ 
SOCIMC' ODOODODODDODODDODOODOODO0O OO ODO OOO VOGOCeCCOMMOOOOC O 
LAV UIA LAIN UN LA LN LIU LR UN LN LOL UN LN UN LUN UY 


OORDI| 


WOOD VSI Voara Igo idsoonocee 
OOCGOO COOCCCOOCVROCOoOCOO 
ADODOOA DCACOOGOCOCOOOO 
GKIOWDNOOMONWOOCOOVAPNDOGOVUGOCOOCOOCGOOOCGTIAMOAAO 
AIJZ ec eoeenee3aeereeeeeoeereee7eeeee er eee eer eeoer ee ee ee 0 oO Oo 
UWA OM AHO ODWINMT TOW SC NOD AHA PNOGOUVOODOCOKOOOUOOUVO COC 
mODOOCO OTTO SHADDNOCHE MMOS 
Mm fF: t4 | nes | Del | 
Li 
= 
sow VO CMOOWCOOUcome 
Aogngowmd GW weomagouc#ecoaom 
lhQreoooec OF AVoQovooocneoco0oer 
ee OW yp OO Ys SOO IS OOOO MONG GOS OOOO au wwOQueuwwed 
vet) © @e@ @@@e@@e@ee ee @emhUcOMClCOHOhUCUCUOrChUcM CUM HT OFC Heerreeteesreeeeoeteet ee @ @ 8 6 @ 
MWaUVwFTOOTSTUNTOOWCOVADRNMMODOQVOOOCUGOYOGOCUWOEDWOOOOC 
resryrrnrrn DW ANKANMNMTOOW OU 
EAOIMOQM MOM MMAWAACOdDAMM 
a er Soe 


< 

=r 

~<a 

SWAN OSD OM DHOANM FINDME DD CoH AIM FINO DAC ANNO PSFUOP OAG 
OOLTLKS STIFF SLPMOMMMN NNN 00 DODD ODOOE EEE EEE EEE © 
(= 


180 


7) 
il 
OT BOUN SFINOM BE OANMANANNNOE QOOCIMOO DOO OE OO OOS OMEOOE DIE OGOE MOUICOOCE COM, 
I ANCAICIACIOSNCIAIOIOS OA MEG 

AU. 

mane 4 
DN GAHNOT NOM ORONO SOS NMONOMC OO UO CUCU COMmOCWC OC ILC GOOG wet OCI COSC BOO 
NONANNAN ANNO NN a 


i f y I 
es) 
Prk 
= 
fms 
ONNACDOM O AH AAAAAW LON SAAD NIG HACADDNDOAIMTOT ODNODOCHDDAMNCNUMNANONOE SEE On 
WU MFO RM MAINIGIA MNOAGAUAN NN x4 st et —a + — SASS et St St ted et i) 
aVY} 
ax 
LN hh 0 IN NN NN Nh NNN NNN NT a at a nO oe eo ie ee 
pa on on — | ' — | AA HA AH aH Ha ee 
Zz | | | | | 


_— 


CHINO SOOM OR MANC GOT CC OOM OCC COCO OC CORON COO) eee eo OOO Ee COC ise GOOCd |S 
ST LARA WALA UN LA LN UL OOO 


Cu" ' | 1 | i 
bh 
ZANT COMOPOMOMN SMO NING SSO OOOO COMO. GOI OOOUMCCOCE COUCTOOOUOGA 
mem | Net ae i ;it eel OS | el 
Oi j ' ' fees 
& 
ae 
a 


LIA FUN OM OP IANMN SW FOP ORO HNMOS TU ODOM MODOIANAMNST TU OM ES DOF ODOKRMNMOAMTMNONOCHEE™ COO 
PU PD DD et HAH MNIANICIFAINAINC AINA AAIAIM MO MOA MMA MAMMA MON MaMa Teese reser 
Oo us rPireretvTvpp~pteupuprvedvdb tt tvett tbaorrpbreb) | 1 | 
<a 
— AN SNOM OO OCNNT OD OM OD ULANMI RM NAN ODOHO ONO OS TOMMY DO ANDNAYT OT DOM CW 
pee ee SHSM OCI QIN CUA N Ie eee AS SO Oe 
! i j le ee (Pet oli  iretiardédte 


-47 


mA HLA OI HAD MIAO, FOO ONOMNDA OE BART et OC te a BO UG ty ee OO tt rt 
YM OTTINWNOCOCSCHE DOAN KANMOAMOT+TWOMOO OPE © 


TG US ee ee le ee ee ee ee ee a tae lo} 
W 
aqaoyrwrsersysysrs nso ro) Oy ON Se ae CUCIS' OOVWVOOOS§HCGUIDQACOCHOOAMD i CoOasaG 
tLe beds bt bt bt t tnt bt toot tt tit 
14 
< 
> — 
pe Ps 
SU aI SAO LOC AAU TIN OM ESD OO ANMTR COMO. ANMETNGHDOO LPANMST NOM DBO SCANMTINOEODOIANMSY 
Sag Se Hes SHS HAMA ANION NAINA NOMA MOM Oma no sss SS Tt TAIRA IAM IA LAA OS OOO 


et 


Y 


Ww 
QI MOQ? GeoMCeec APTeo 
<{ 

NLL 

AO 
MC.CICI OO C eae Coie a> 
VY) 


© 
Pad 


mms! 


~~ 
WROMNASTOOM OAC AM OC 
WHA AIOAINNAIN Mm Oeste 

ah) 

ao 
WE PPR ERR ERR RR EOD 
Pm ed dd ed md ed ed dd md ed rt (OO pd md 
rd ' 


‘ome 


CIOOC CMe Cle ee ae 


SW) 

ot heme 
CDSOOODWCeEC: OC GaGa ee 
om 


NO PO 


WOHACKUMTUINOF OA OGOHNN@Oc: 
LOA LD LIN LA LA ISLA LA UN OO 0 ODO MIN 
Ou \ i H \ 


N 


m= DUAN MOTNOP OOO AEE O 
aT DOA WUD UID O OF OON 
iui i 1 i ( ieee 


ae eel 4s Nad la A ee ee 
SS 
oy WW 
WW 
C4 OO Owe C6 ere 
LL. 


za 

= 

ae Ps 

LULA COP OSC HAOIMST LN OM ODT: 
DOOOODODDOREREREREEREO 
() = 


ESTEAC 


OTajiamn 
mA OICY 


DOesm™ + 
ANNA 


OTOnNT 
HANIA 


MUAH MOAI 
ae 


OFT DOOD 
at 


AE LAS 
et HANI) 


TONDO ON 
artim 


CA ANIND mt 
sa NO 


NO FO 
mmt AY 


eae COS 
ae OAN 


LN OM OW 
LIA NIAT NIL 


TMNOWO 
LEV VULNS cn 


1) WO e410 
LA MOAI Wes 


NOPE NC 
LOM LIN 


mae Os 
WA OMe 


OOM Or 
WON NA 


(Oa Onl Gx Wed oy 
TOON 


hm cCOm 
SIAMIAW 


DOM OWMM 
TUNA 


WOM Ha 
TUN 


OOO 
UW Ot 


tM fe 
f MO 
min 


Treoe 
u“u UY 


ESTGEC 


26 


182 


VISIBLE LINES 


HMNANOOM AOWOMOS HOS TORIMNNGCT ODOR AEENORN ST A@ 
COD OTMHAIM SFHNOANDAENODKCNAKS AT ODDASFONLT OOH AMON DOOR 
ZNGOREE AM HFONMAM MIND SDMA ON ROC DOR NAO O NEON 
WIA FAIA MM OM OD MENE NOMEN OD OA fetter ODO POOR ONAN OD 
> LA OIE BIAR MOON ESE AE MORMON OD ANC ATCOODMDOOO SERN O 

QOIOOIANNA OMA MOADMOMADNON MANS ARONA O ONO MAMA OMOAAICAN 

eoeoeotwee3eeteeeeteeteeeeaeteereeteetete te eetert eee © &@ @ @ @ 

COIS COOOOTOCADADSVCOCTOOOCOVWOOCOHSCCECOCOVONCC OC 

(rev pveepot 0 0 1 rast eee tirerteebtit 


ADWIOMC SOLS MOOMIEA FS OMPM NONE DOONAN ONNOOM SNA SOC: 
DOOM PE-NOMHFHOSMHCOOLNDNTGOONE MAM SOAR TORT OAICCS VO 
ZANIN ONC DOM SF TFOMBONSEHEEDOMOAAAAS CaO EN OM OAMDOC 
WNMONONOTFOMDODE OF OD FOVUCODOVDMNDI SNANPMWNNMANOWOOD 
XKAIM AOWMCMEC OFAN DODOMOMYHAEMOME OMA ME NNMNAWIIIYNE OMM COO 

TOMA LOCS DOWNDACC OAK ODE CO DNODNWNAWINEH MUA OO OOO 

@ee7e3?eseeeee2e2c+c_?@?ee#ee#ee#e#e#e@¢e?@#@e@e8e¢#8@8¢@8chmlUchPrHhmhUChOOCUchOmhUCMHOCh Hh HhUchO HO HH HU HhUOHhUC HhUCUchOmhUCUchOOChUMhHU HhU!hHmhU!O 

Bt OO ee ee ee 

tte ] ] i | i | 


mt TAHONANNG RHR AROO TS ODS STONDONNEE POPC TOONREO 
LPTHITONNA TOMO NNAINID TCONNADRAAT ST ODOHMNS ADC OD Ors 
IOWA OR, OST TAUAMMOOMNMNWOWWNNGOOsW OE AOC OANA DO 
Fm LAMA FILA OM BION MAO CM OME ENO CSS Rete HOSP OTOL MOPrM® 
DIDI LAR UD OAM MOA MMO MMO Mae OMAANNC UCODDURAIOFNTO 
SK COO ODCYNNAMMAMOAMAM MMO ONAN Nat Sets Ht CGO OOD MACAO ORINMN 
oe3#2re?¢?@#@¢@c6hmUmchOmmhCUcOOhhChFhC OhUC(C OCC UHlUCUc HU hUcUhUCUCUCUOlUCUCUhOrhUCcCOCUCMhC<CM TCUCUhHChUCUMhHOChUCOC OC TCUCK OOCUCUchOUchHOUhUCUChOrChUCOChC<C OTC ROC RHhCUCUhOmUc HOmhUchHmhUhOOCrhUCchOrmhUC OhC(ChHhC(C Hh 
UIVOVUVOGOCOGCOQOSCVUUVOUCOCUGCOULOUCVE VOGCOVGHNNACCUO 
(rlireteprett © tt fp t 0 0 tee Sit et ie font § 8 eel 


HAHA M AD PTOOT FT TOOS SUE NNDCDDOONNAINNANNON SOOM TOY 
LmOIONASFONOIE ENN D TF DOM GCONNMOOF lS SAHAMONO Oro 
AN NAAUIONODOORE RF LFOGDT OE DODD D Arta O ORI NUNWIO fe 
FmAMAIN MNO SEO MM OCEHEDKODODOCDDOOMMNMNST TUN MOOWS CHW 
DAMA OWI OL DOOUDIVOANGAMMOMOOHOARS MH MMNNAIAIAWIE MM OO MOO 
SWOT ONAMODSCDDIOWUWNC COMNAAMODMMKMHAMWNAOMWUIAE FOO Od 
eee?eeeseeee%eee?eeegcee#eee#ee?#ee#eee#eeege?@e?e0e?0e808?0%0% @8 @ @ @® @ 8 @ @ ®@ @ 
NOI ONO DE RAMA COSA ODOC ODOC OAC ADOOAANOCOOODANDIDOADIONM 
etd te ] ' 


183 


— 
te SS Sr gm mm me mg ge gut gg pa Sr 


CARRIER [41 


FIGURE 38 


PAFAMETERS FOR THIS VIEW 


CBJECT PCSITICN (1) Gites 
OBJECT POSITION (2) oC 
OBJEC TePESITIEN (3) de 
CBJECT ANGLE ALPHA V0 
OBJECT ANGLE BETA Co 
CBJECT ANGLF GAMMA VG 
CBSERVERS POSITION (1) ve 
CBSERVERS POSITION (2) O20 
CBSERVERS POSITION (3) 6600 
OBSERVERS ANGLE PSI 100 
CBSERVERS ANGLE THETA Cee 
CBSERVERS ANGLE PHI Gs 
FCCAL LENGTH 1.5 
SCALE ere, 
HCRIZCNTAL OFFSET 0 of 
VERTICAL CFFSET 0.8 


TABLE VIII 


PARAMETERS AND STRUCTURED DATA FOR CARRIER (5) 


185 


LJ 
CASS MHOC HON ON Ses STMT EIT SET TNKMOSTMOW 
m> io 


om 
SS ea? Grete eer Ge tO OO OOS OO OOOO SAS =. 


»< 
> 


O 
MSOC O HOO HOOOOCQOOO MOH OO Set tS Vt HOODOO COMOC HOO 
> 


W 
SS) 


QAHDOWONDOODDCOCODOMANEM HSN ROTNMNOVaETOHaNTOOSOY 

CLO WOW BNANINMS SOMM TINO ONGC NHINOO HC ODOM NENA © 

ONNAS SAODOINWMAPATMNNADOOMOC HHH Onse™ OF DONA SOLOS SHO 

COCCODMONAINSNONO BNNNCO SF SHO O CNS tOMN ef ae Neteitum 

OW 0e©ereeeeeeveeeeeereeeteeeeteeeteeeeeeteeeteeeeeee e 

ahh Wend Oa en meebo ke ey 
' ' ' 


PLANE 


OHH DOO LON TONG OF AONGTOMNA MOON AINNSSTSOMOOM Hy 
UIE Om NE AS OMAMAMANUAN Bail ODRIROMMIAODODDOODODDAO > 
LMNDOMOMDODOP COST ADOMO REAR EOMNE MAMQAMANEM ST SaANO 
DOWMMONSEAHNNMOM NAO SUSAN AOE PE AHMOHOSD SHHOOKHCOOKRE ENO 

i oe eecereentreeetoeeeeeeteoveeenereeteeeveeeeeeeeee e 
USOC ODOVONACQOOO AON Nt SHS HHO ANN St Stet OO 
= rN tt anh § 


a. 1 


ABA TOSAONMAAUSTAMANUOP WHO ODA IN FINMNON SFORPHDMAMANMAMEOO 
DMMINOO SFONAODMHAONAAONDOANG FSOPNGS TOWN TTOOOUP YH 
TFTOTNONST ANOS TINMNEOMANOCOAPONMHOOPEES SHataIoTrrolre 
= ODIAT ODONUMA PAO ONS ORDA MNONO AAUP NOPE AMM AAAIAMNEA © 
TO eeeuveeeeeeteteeeeeeveeeeeeeseeeeeeeeeeeeeee @ @ @ @ 
bd PF LAA CO COP SF SINDAM- OM TOS FOD RD MAUGRMHMNA DONA MMAANANCOO 
ANAS AAHaAPLQOOOKOOO MH 1 OCOOMP ANTONNIMISMONNGARA ODOR AIM 
AOOWUW | eee Ned Oil) | SN ae ae te 4 | h 
pedveed t ' 4 thrrttrrtrertbt ett trrbtrbtdert&e 


OOOO COSC OOOO COOO OO GCOOCOOO OO OOOO OOOOOQ0000 
ANOODWOOCOADOOOSO OOOQVVOSCGQOVCOGTOCVOCOCCWOOOCOOC0OOO 
WOGOUOOOCQOWCDOODWVOVOOOCOCTOCCOC OOOO COCOOVOeOCOoOOo 
=m OOOO DOO00 OCODOC DO QVCO VOV GW OWDADDOODWMODODDOO 

Mdleteeeteteeeeeeoeeteeeeeteeeeeeeeeeoeeeeteevet ee & @ @ @ 
Ze PPR Re Pe Pm ee PR PE PPE PEPER PEE OAOA SE ATO TAROO 
ol DE Al al alralallalralallallallallallallallalral al allallallallallal a ¥l a) ol od oy tC) md oe kn] mel wee 
am} =—e—f it axl 
ac 


© 

© 

WYO ODOCOCOCOCOCSCSCOSCOGVOOOVTWOOOSCOOCOCOCOOCCOVOOOCOO O 
Oo OOOCOGCOCOOOCCGQOCO OVO CO OOO OC OOOOOCSGOCOCOOO oO 
SAD DOOCOCOOOCOCOOOCCO COO COCOCOOCCOOOCOCOCOOOOP OOO © 
TO OVOC ODN DOP TNMNONDOOOCOOMNNOOCOMMOOMMNANOOOOW 

NZeeeveeeeveeveeeovneeeereeseoeeneeeeveete Fee eee oe 


ON OWT HADONNTNAMMHONOTTOONNT MONDTLODONSTTOOO 


WY 1b —w] | } | = ond i ped =I ~ ol =! =e 
< ' 
-: 
= PHOQOCWOOSV OCOQD OV OVO OQOOO GOOO OOO COO QOO0000O 
fam} PMODQOOO0O QOOOTD OO OOVOC OOOO OO OOO QOOCOOOOQO0000O 
fl PODQOOOO0O O00 OO OOOO CVOOO0O OOOOOO9OOOCOOCOO0oO 
WODOMOVS ODOVONNVNOWMODOOQOODCV VOOM OGOCOCGOOCQOOCOOQUWO009 
xHU)y) © @e@@e@e0et @eeeeeeteseteeeseteoese#t eeeeeecemUm8HhmUcCOUhUCUCcCOhmhUCUcCOrhUCUCcCOrhUCUcCMOrhUcCOCUcrmhUhHh UO 
CLOODOMMNNADIANMDADDNOOO@OOPRE FFE SNST STODDODMME AMON S 
eo WOW OPIN DIN MMOAIN STAD PRODPAPPOnsrerlPrrner 
a §MADPCOOQOMOMOT ASADDHOHDOOOMMOOOOOOOOOOOO ™ 
sate et eal 
P” 
= = 


= 
wad WIN SUN OPM OD OSAMA STINOM DO OMNMTY OF ODROANMATOOF OAO 
Ooo td od dt et St ed PICU ON CUCU IO CUIN OA MMOAMAMOAMOA MMM mS 
WO) a= 


186 


ee) 


CO OO MOMC CLA NO CORO Cet ete HOT MOCO Oe 
EE ~_ ot awd _ 
op 


“HOC BMCONMC HMC VOC MONS COCGOOCTOE VUIG AMG COOQdUOoCuUVO 
= 


>< 
> 
>) 

MNCS et eS AOC ROR OO OUR DOO CMOC COI OQ Ooe Gl) 
> 


=) 
OO 


OHO NMUINAUOME MOA ONT™ DWOMGUP ONUAMACD 

CYONMOAMANNAP OL OM ONO SHA AQCORNN SOM STOO 

ON AD ODM NMOANMOA STIADT DMOODRAROMMMMAT AIC: DOF OC 
OCP OMMOALNICEG OOICAINIM™ FTAINM OCH VENA BAMA NC sCCicrennryead © 
DOW e@ 02 @ 082 © @e eo eee ehmhUcOhUcOhmhUCOChUc OCC HOCUchOCUC HO HO OFT POO em eOUmUmUhOhUcMOrChUCUcCOrChCUCOCClcrOlhUchUchOCUchOCLhUchCmUhOCmhUhOhUcOmhUhOCUhUh OU hlUO 
NNOQOOCOOQUOVIOTNOOONCOCOOOP DOM AHMOOOCOOOVOCGCU 

Ww 1 Prrrtartude Pb dd atest et MMA 

Vash a 

\ 


TAONUHAP ST VKItsoc ODMNDAINMOT IT DaHIMANAHOAMNM 
STNOMOCDEM MMO AO BOLT OP, NAN SHOT OOO n 
OTOTNHONOMMODMODHi SOM OMODEAMNNAN SE 
DMO MAHON E OL AO SIAME MAN SHSAIMS OANAOOM OF TMOTNO COON: 
li *h- © © eee eet eeuse0eteeeteee3sx5#+5e#t#eeee8e8 eee e@e©mUcmMf8hmUhOrhhUchOmhUcCOHrCUhUcCOrmhUcOmhUcrhUhUhOhUO 
DAME MONEE ed OO OH mt NANO OCOD DNASE BOC ONGOIVOS OM 
| | tT | NO MANODOANMM 
&. 4 fan Mem kam Len keel 9. 
{ | | 


RE PLAN 


ASOT CHT OROMD QONNMMAN Oe OTHE ANNO 
WD Oat FAM NODE CONAANOLTOOWCUND Dinm 
CNAON AMMO OC: STANK HOM EIST NOWNDNOC OOS 
be NDA Aaa OOM MND A SOND OOTOOOUCCODSCCSCMOGAa00G 
To e3eceetereeerteeeteeeeeeeseteeeeeet ee eet ee © © © & @ @ @ 
UD OR NNAWO-EEOS TOWS SEH DOMOOQONOOOUCIC GOGO OC: 
ORM DOCINMMAINGICIC JRCOTAARAHGT | 14 
DW HAO IND OMe ] tod 1 UN O® 
! prrarrrdqd ,;t4 


COOOOCTOVDOOCOOCCOVDOODVOCOCOIMNS cS 
Y) WVOOCOVESEAVWIOOVWOCOOCHOOOC9O9NOCC Ae: Cc: 
WwW WUOIOWUYAAVIdIOVDOVOOCVWVOIOC GToCGve: C: 
ma eo CIrOCa2OCSOOCOOO OOD OCOeOC ec a eac eC Oe ome Oo 
qf © ce eeteeoereeeeteeeeteeeeeeeeteeetet ff eeeee ee © © © © O&O @ 
ZiICMM OOOO OGONODODOC OOOO DOOOR EE Elo: me Clow lo Cer. 
LAUD LUD LD LAS US LD US UD UD UD LAU LS US IL UN LVL aN 


allele 


OVOSC COD BDOSOCOOOGOCCOMOSTOMANOTOANANG 
OOMOOG BDOOQOGVOCCOOCWCGOVGA ST OP AMNO 
ALOOCGAMC? ADM DOOOOOMDOCOVOOFMMOODMENMN®D 
TO DN OOWMOWOCDOCOONENHNDO SO ONDBAMMMDMANGABOOMAOOIE 
oN a ee re i er er rr ry rr 2 i 2 2 2 er er 
Qa OM MoM OL OWMONST FOMGNOR eta TDN ODDO HHOOOOUOCOGSOOCOC 
MODODOOOO OT OCSHHADNOOMMNMO THAIN OC em 
Y i | “a 1 ime] fe 14 {~- 
ee, 14 1 ! 
Llu 


= 

=O OwW UO VUWVOOCUGOUDOD MPOOOTNMNT.S 

QOomwOoOw YOY COOGEE VOVOQ9O0OOD TMOOMHANS 

lLOUuUGoogc OC CCOOUCOOQCOOONH NIMOMDOAAN 

WoC OU Qo oO UVOQOOQQVYM MADD GOMOW US CuUwuuy 
e“~tti) © @ @ @ eo @e@ e@ @ e@emhUlcetmhlUC OhUCcOOCUCcOOChUCUcRCUCUCUh CHOC CC CH HHO HFT HO 8OHOUhmUmUOMUmUCUCUCUMOrhUCUcMhmhUCcOCOChUchhUhOrChUchOhUCcCOhUCUCOhlUhHhUhhUO 

COLT OGTLOTUN TODD ULOVARMNM GOT ADOT AOVQOVOWOUMCL) 

CTT Osrrn PD ADAAMNMTOOWM Oe HTN TOOP 

HPOOMEOM MO MNODONKAMNEDOIRKMOMN BPAAAAARADM 

= =! ——_— ma =) 


za 

=e 

Se 

wd LU IONIC STUN OM OD CoMAAIM SID OM DOA SHAMS MNOPOKUARNM SFNOP OAC 
Oot TT TTT TT TMOMMNMNNMNMDNWN OO OO OOO 0 DOE EEE EE EEE PO 
() = 


187 


7a) 
68) 
OPH SINOMH DKROHNOCANANNNNAN OOOO COG OM COCO OOOOOCOGONAOCOGOOAOMCOOMOMHOOCOAC GS 
THUAN AIN AICING: OCH 

Nw 

‘aml * 4 
so NN OT eee 2S OCS OBCOGs CVC OC COOSCOOCO VO COO OOGOOSCOCOOaGS 
MON AINIGCIAININ GUN ATALOO N 


: 1 | 1 
oe) 
=< 


aaa 


ee OO eg A On ee ee OO eee” a ON 


LU MRM CO AININ AN NNAIAIOA NA — mat pd oso Gd et ed md ed dd 9d ot (1) 
mY) 
to 
= a | ' — le eh ek A od 4 mt 
a 1 ' | 14 ' 


p= 


RANE FNOME OKT ANDO OOQOOADOONC COSCO AWC OCMTACOMOOVSOOOMOOOOMIOC SA9Iar*oanrawnonct: 
ST LALIA WS LA LALA LA LALA WO OO 
CIM \ ! | 
eh oe 
ZINTA OR OM OL FONG OOWD FOO OM COS OG GOOMDCOO COV COC OOOOMOOIOGI COV OCI OOO00C 
mt | Aeatedeset i tt a asrnr 


Gi i ' rire 

Ge 

= 

WOAIMSTAOMOT DAINMASTOAS OP ORES ANMSTHOVOM DODAINNMOS TWOP OOF ODOOAMMSUIIIAO OF EO OOD 
ee oe ee od ot od mt ted od ot ed MIA ION QUI CUO NICQUINI UN NM OMMOAMMAMMAMNMMMMMMNMOTOS TTT eT SS 

Ow & 1 1 ' rrreda 14 fi rrrrereer’_erareds 1 1 1 ! 1 | 

< 

= ANT DOM ODT NAO OM OM ODM OQANMACMNANE MHOMS ANMDO ST TOM WHOM KDOMAONATOT OOM Su 

= 11 tb On ORS 1 OM NNNNNNAN Se ee ne ee 


a ALS OE SLO MONO FOO ON OMNAAMM aA AM Merle WUC VOOGOC OVC UOUGOGCL QOGCOCOUGCY 
YN CAT STTUOO OOP DORAN ANOIAT SS FWOWIO0 OOP © 
COW et ed edd St St ad et tt 
OO 
SOS Ee OO NS ee ee OS OO 
LL own tre! evtuee fl 6 6Ne tt Oe 68 144 
t 
=. 
> Il ae 
an 
SWANN NSH OMOANOTMOOE DOS GINO TINOP DKON MOFD OM DHOCANM FNOHEDOOANMISNOMDTORNMOST 
an | an) At Set HOU N NAINA NOOO AMMO OAMAMO OST FTSETSTT PST TINMM NWI ALAWIIAW OOO 0 0 
() = 


188 


YN 


LL 
CC . © © C26 6 CC. eee ae 
<t 


ASW 
r= 2 
fo sae oe ee eee 


TING S 


OF ORMFCUMNFUOPM GAO AM OL 
LIPS AIOAIOQIOUAICQUOIOQUNIAL (EO OO aa) 
tl) 
mae 4 
LU PP BP Pe Pe = Pe P= fm Pm fh Pe OY OC OD 
fame et od md end me md ed md ed ed teed oT ed 
< t 


nati 


OC CCL GGG 6 Gm ace 


eae | 

me 
ZU CCUM SSO coeecne 
acme 


em 
cS 


© 

Zz 

LI AASO SFINOM DO CORMNNDe, 
LD LD DY LALAUVIR IDLO EO OE ON 

Oud \ i ' I 

Fil 

= PHAM SFUIOM CLEC Arh wo 

me Ng aurautalvatvar Ol alral md (al On Ore moslar, 
a ' ptt hide F 


1, (4 Ci eee ee fe, 
WY) 
2 ul 
c 
alec COC ENON © CFC -€ Ft GO 305 
une 


Pas 

= 

ip Po 

mt OR OO Cr HAUS UVC OD 
2O00 OC OPE eco 
L)-~ 


LSTFAC 


MTA 
edt AAI OIAG 


DP Dear + 
CUCQIAY 


OPuNnsy 
AANIAIC 


™ UD AaAY 
atest AIC 


OT OC 
et AOA 


WVAIE LO 
ete OI) 


TOON 
aRtAMH 


MAIO ae 
a AM) 


NOCITO 
em kame OY 1 


aetAl oon 
aot CUA 


a ASaA tT + 
NSIOAST OO SF 


MINOO 
const + 


LR toe 
MAS te 


Ta NC 
NOS MOS 


Pm om AYP LN 
Mast 


ONTO 
MAT ST 


TAINS 
OOsT tT 


MOARMO 
MOAN $T 


UVP 0 O® 
MONS TF 


Le Ot Noa HI Ga ag 
NNN TT 


WN OOmuN 
WOT NU 


TIN CIUO 
LAMM UNAS a 


DO Ort ce 
LA CA IU et 


AAI Qa en 
LIN DO MULVEY 


AAO 
LVOM et 


mot Of 
LUVNQAIAS ed 


BOUGD 
TWO 


Ph OP AN 
TUCO UN 


COP COLAM 
FINONAIUY 


LN OM 400 
TION 


fh MOA!) 
ay 


TOM 
Wn ow 


LSB 


rs? 


VISIBLE LINES 


MMA NAP MOAR OG INA 
Ont ors ntoy 
ZKDANAEKARUHOMG 
WOAID S FOS Paias 
HSNINSETOS INS 

COCCOGAOUCH 

eee ee 8 @ 6 ® 

COCO OCVCON 

Pedr dutrtpag 


NOW FING CAES 
Om FOPT OHNE KR 
ZAKNADODMCAMON 
LI CONAN OM OMAN GY 
KNOADIMNOGWOS MS 

NOMNACAICAIC 

® @©@ @ @e@e@ @ ee 8 @ 

OoOc a ee 

! 


mm BHAOAUD MINAS & 
ELL UD ei COP. Co SL AD 
IOOUCMNA SAGE 
mAOOWMOS FLHNO 
ANN SFOWME + 
HSC N OAD 
oe fe @ @ eo &@ @ @ 
CC? CWO OUCoed 
Prbirdudbaadea 


FP ALAIN PUN CLO OC 
TOMY TO POW 
SUV HMMOC COO 
PE CANIM FOO 
AMM aAIadoT ear: TT a 
KLONMN tC 

* © @@ @©hUhhUhOhlUhO eo @¢ 

CSN, OVO OD mth ent 1 wd 


190 








ne 
ae een Soe ie 
~~ = 
~ 
~~, 
ay ae 
ee et = nS ee a ge rs pgp ps a PP S/n PP PS 


| 


) 


ee 


k 


CHRA ICR 


FIGURE 39 


leat 


FOR THE IBM 360-67 


COMPUTER PROGRAM 


XEND(160),YEND(100) 


I 
) 
»8C ,13),FNORML (80, 3) 


Mu HNO — 
oD CNT 
<I> Dwee AL 

re k-eUr XO 
ANd eet Ze 
wJmo<u ffi oO 
TO Oe eww O 
NE TELM <f 
CO UL we eT ed) OL ay 
Lh om Seley 4 
Oe VZLZZZZ 
MOF OOCWWw 
te OL Od oe et LL) ed EL 
ZrmuUNnnNnddZzwo 
OZOUSSfl> >a ti 


SEs Ud et te LS fp CS nd wt Eh RE ot od i eb th OOOO) Ud I ed SS BI EO. 

CSSD WIZZ AwS ZK Qh Jed ia ZOO 

Cm Zammeos PIMA HOOCGCORNUWO gOddOguOQOOdwwuidgdqdaddadqqooockrZz 

OS =O OOWWWeZ OO dX ZOOQUU VU Oe = OOU ETT COOVUOVOU UU OMmw 
el 


2Wre EES DD eA. 


== 


~~ a 
ce a 
| Q. 
[ E, (a a 
<x. all 
wo = @ 
fo ee ~ S ¢ 
/) tv) “_ 
z2 ra vos 8) 
oz =r) > + 
we te o & 
<qW mt ood SS & 
LL. Uh. @ It ZZ 2 
p= oD ~*") uy |= 
Ar — x x 
alV) — se > = 
oo) => _- - 
a © aw. ac a 
> m7) “> i. <q «aq 
iw oz O ~- - 
Og OB wm WN 
y 4 =i) o ~-> > 
MA. ond ontene Lb om o o 
oP <> u0 _- - 
~~ & Zz~OW xc 
Fen | z= orWN aq <« 
[> Qe => _— - 
ow OL eZ rm WN 
<> aa] eh tu oe «x x« 
— @ q e> o @ 
as a) CS b= <f Let wm WN 
> ae -— Wik Wear wy 
<i Mw aX = «£ 
ax WN Oo eTnd ttn 
Qam@e wW (Se) <dj-D> eo cal) seal _ 
e <&—_ WH - I eWZ =a 2&2 Mmwo 
AO wg <« Cc Oem — ww e 
Za Of uw x we aVILOW ca & 


eee SE ZH W> Ite Wet Oem Ore Swe tet 
Ss UMN ea WO FeO Orem GoM Dw Ew = Lu. 
UMN ANS MaOWZOWA © WeNMNatZZeOAareaodgd OW 
— IW ef HD ODLE ADA e oe MOOAIZ AES] wD 
~—~ZOrWMIULZAIWIZ=A ZMUNUTTOOOUO &-eezS 
ot ee OL = —H c= www O <f <{ nw 


— = 


a tw 

oN] 

= = 

(1) we LO 

ead A ae OS fe 4 

2>Owr- oe 2 

zaa © 

“A Zu ww to. 

aaowoae 

o0r Oo © 

ee ell. > bh 

pong om, ome free LL) OF 

Ltv¥rdiao dd Ve) 

A ew Zw Lid 

oe Ol a) = we 
Iw MO rm tw < x 
-x<xOde WO z co 
weara MO Ww isl a 
Tr—VOOZZ © ws 
=< Tod fo Ae) D4 
_ & & WW Ow ce 
OmTH TO Ore _ 
WA eM eC Wat << 
1G. Us OL ont ee = = 
2 ea FE and Ome Pp @ 
ZaquvwOod <O % 
eTVWOiik WO zo _ 
-X oo — Oc me 
S) a . erehy cad ead moe (>) _ 
wW(9uU. OF ao. MO a. 
fj fH o> = = 
z2qaNnn OF WW) LW 
A= eMAWW a75—0U = -_ 
HAUL 2 eo =X > 
LOK Mr = oz = ~ 
ww oD 2 DWwW tL & x 
Od>~e WL USC = ome oe 
Mr eT O WO ~~ © 
FaANnWIidwW ct - aa) 
zJoHeDe COC arto w an) 
OdqtoruoCw J eT fe 
OLarZztir-OnwTti-e amg a ™ 
Wu. e AWOd eZ owned aA |! = 


KANON Sit Wee metas i 
Nw me PWM Hl Se Fes i it—DO 
ee eee Gee Oe 
OO8Z2e-Ie- — NZ = 


[> > ar INE) wd 0. IN =O Namo + 
fo ob SEP & a &. axe 2 . [= ra 
— © ma tony “AwWOOW —CWOOVOO 
MWO>O OrKOOT O26rF-COT VO 
~ _ 
- N (v) 


WOVUW WO 


2 


_ 

- OO 

an = (be CS 

— ei fed aA aZ > = 

(CT) ee CQ sq Lf wre 

we S} LL. Li -- = <{ 

>O Oo aM ©) ae 

=a. »< zz2ZzrE 

oc oe « ce Www © 

(sa | GD oo ® QO fy WD NY 

— = ee0ee Net) OO CUO J 

rIt= - Wiles Whe OO o 

aem + ee WY Zzzre ZITO ines + 

oS SST T,) <q WW WM uJ oe 

<_I~64. x ee -W aI YW EO Ow ~ 

x SE neh 4 aaw By 2 ZexOoO & om! 

WO Lue Oat > rR WeoOrim fC ~ 4 (ad 

XI b= & ® Wis ow) Ze. wo <a x - 

pe <f ow LL AOwrtw>amM WM >+O=— = (here (oS) 

aoFm i Tr a = 72OrF Taw Ww Fe <{ Li 

—TtTA fr mee ONE YF AT <_ =. % 
_ WY © et ® a) Emm (SO dete © » a ~ 
~ AtwrUnn Wee OA EFEeEO WO ~_ -— aa Ta) 
~ © ed ee be LL ° ay ZQAQWV NW OO => << om ft eH D 
CO IOe eC A —O Bef Ya pm | | = J —_- ~~ -~- Y~OYYUO 
oa) ZN gen eeeveee Pe ee SAWwarTr aware wi > tr &rreFrO 
ee = eTMOIH LL —OW CA =U DOWWs wWeC © £ * OOO 
ow -~ I~ °° Zz wWOOCOOOGEXEL Ome ido mo cih -~ = ~ wy UWL 
) Ta) COuANOs << Wipe bpm OT Nee Zz LL UL 2 = << WwW On £H Km 
ba Iz i DOA Wa > mY CSSZZZLZ WreWid eYOareww O—wH TL = e— oe et 
~ Z — <IN eZ ao OW Oe nae a SS le oe ws UWL Q > Oqt sist « 
am © ~ pe eee LU COLL. o Ex >>> 2 WLUW 2a Cow ow f ox ~ oe et MO 
QO = wal Wire WY iu <f ODS eo caw Wee of Or ft - Iu AO 
— -— Mui - tbs o = meZOOOwy wt MACS ~~ om eC www XO 
— It WY “Ose Z7at > Sih ULL hal Lk nn. Wt WOMmeO raw —-e w -O «—x«x«< oar 
QO t=—_— = bh <> OO 6 —TOO00CCO= Ome OAMW= OC WO <t DO I ena ar- 
© Ze Ss ql o-~r- oad wd VAL z=: = ze Oe ee IC 
Qa om tt ZTaAM<adI>D ox< OS22ZeZerOr- Pal OUD WW WY FS YD me oat el iF ow 
ere wo = >JjJIdZLAOW WOQoQooCOCOCO Z2wZoOwstt ae Cre weTMxr CO WD CLZOZPSEF LHL 
Oo 2a =m) =tOoOrH-tae> Cot tet OrOUOWY UOMLTWWwaIwo fe © Orw Cris eO 
T mt) + >~0O0OWt= LLY pm fom fmm frm frm foe SE) es SS ee eI Zhe ed ir li -—Cm~ HH UW Wan 
it xroawn Ou ce Dp Spr te ef ct ef pe ee EO ml Oe <-- rm CL mem oS 
-_- oh — Wk & WW Sek ee ee On mW OR AE Ea ke sr OW ZO Oe Oe Ie TSS ou Sy 
QO wremn & ZOnr-2z aA OwOOQOCOOCOWO=—=OwWwOOd w2eddeoSo dee mOO ee & ewil. © 
rom Lj OL, emt || me KYpOOoonwn mm YOY OYA OEER PAT oe S2Z2e Deo Se kes GT COMHAMVNGASY «OR 
= DUI Y we pm ee pet poet Oe CY” _ IGMMNASOW Cth we be OO wr ww ew wr Li > I! 
>~ZO>~mre Zz DZOuunrw mY) > SIUM ZOD Le pe  etlL It KK KDC LL I 
el ele 4 COZ ZLEa. 2wuqqdqm#qaTe> 2M qCaew —_ “~w ITLL ek? ao eae Gia. 
Arm-WwAaAWiD> OC SH Sl —ITtae =e FF BZD Ww pn COWES IM FOrO US RR eRe > ow 
WLZ>OWY -rO Otwt sz UO Site) WC LLL wWOdtiwO oe ee oe ee ee ee Pe oe oe ed 
—Od = OZWw2Zz > CS wnt tet poet Wed TIOm —O OOH Se eee CON ndqertezrsa2uVO€ 
AQnacgnacu (Tol > D> 7 any ah) Ot emarac Sou FNWH Vere OPO UO ONG OOOVULILTIL=uo 

a 

+ uw = 


O VUVUV OOO OOOO DVO V0 OU OO VOD O00 OV OO OVOUO OOOU V0 OU 


is 


J 
J 
E 4 X 4 ROTATION 


ss = mm) ted fron 

+ t+ owe ew 

o - trond Prem free omen 

= o— we <f <T™ 

-— ~~ —SsF oe 

»< < <I p= e 

fe 4 ia a z=oO0O~ = 

re -— — = OC OC eS 

< <= ve O* # at ry) 

= = = ome Comm = b= pp LL Oo 

a a ee a. 3 tet mt - qa= 

+ * a <= on we wer (CD) WO Nema 

fa (cc uw nme ILL. OC e WONWE qq dq 

a ae — —~O0 + am Frxod Sk ir 

b —_— > mt ome ~zirt— * dq OF Wu wil 

WO OO WwW New CO. UWS LL) pa I ww mam mm 

u. uw FC mo 4. -_ = bh be = e Daz AMNEINY J 

+ + Fe wT Ww w+ +04. Kx OOdoO IeHeeTtete Feet 

~ ~ e >OwwWw a mon TF Xe wdZzaom IATA M4 FTE 

AN oO = Zier fa @) +O mW - eatOr AaAAaAWAa <_\w 

~ er YY  Q3%+¢+ o me bi ond Ta ma a > 2 0 -@ > Me a) 

-_ a CO Orme < “+ =r OFf- IWwWuUINW WO) 

=~ © _ mt ne mt al —) we mar oom CK eWlWcdO qaieieorrete He FE 

< < — fere — —W > ~~ S We TIrrx+idi e+ ae 

fad eC ft em eMGS <I nNoOC— pam mo pomet Ommed CY” _—a mmA ODA TAMER PFN 2 

—- © —-_— SF we =. CAAaWN <TC pe LL ee qq vitor aaAWwoaA Are ws 

t OW lm wee eH j= ANNO -x> Ame Tra-rsaaaqaquesostwod 

TJ F eX saatdad C Oma. CH- Oar ‘a AadtiTFHOMVCMWWoOWWDOO eee 
Be e)D TF S&F LETS fad noon <aIrOwwe aad bp Ie HHH HORE Fer IO OOM 
non" oe St aad ~ onweo Lh. FE COLL = CS ot ITwWwowrdddad ten tenvun wy Wout 
-_- ~N — 2 Weare ZNGS |] mmO CD QING Oe wr OO ww SZ ZZ OO OOF Om mm 
N GBwtOn &-Mm=OCO b= = 11 a8 Komi eer a | | Us NK ad ed OR OH ZN ww ZY EEE ANM VN MO HNO Tees 

e Wiee dept tl i <I aw eo eft Ze DO ee OZ OMe ew werner he nee ee e& 
pd LS md me LL fee nd Hmmm eT bm tt —a9Q-9 7 —=OWIMW TOMANOMONWQVDODO Smt HNNAMOMOO eet 
wer SULLA Mme DO Nl a te er KL EO tt = I OO th we ee we b= oe t= JO eth Oe 1H PD HH OMA ww wre we we ww ww Jf ewer 
HS ZL NE et ZO eet te ree er Od IO ENNIS PMTAIIS oft WII Set eo KK DK OK OR OK OR OK OK eK KOC ZZ 
am OO oom wer LL A Wd LL Cc ft77 CCOCORg OZrRrZz OMIM AOPaIIqeA aut eeerertrerrare eawrwrae 
me Nae tee UOAKDOAA I OOUP Am NoOaAaAAD fe 4Ue ae Oa = > A oo nd > ae oo ro eo ed ol ool eel eel aoa) od od oe) 
q2e—re HAZY FZASAZAI $+ ian YW 4wrounm NMNMNNECS oz. eel? a ee ee eee ek -@ -@- > > we ME - eG ~~ ng - -e - ~~~ ae) 
ZzOeUCZOACwWYwy dy COoor ®TFJOORCGwZ — ome O JWI OOVUSOUWLUE SZ AZASR TSS TTOZLAEZWwWS| 
DLDO-mL OD OCCKHHRH KK AONOQUGCCOAMM™ ™TOOOOCwW MO — I COMNOM ONE rrr Maerrerrreerortracrw 
aN Tam) rn O ae fe @) A 


VOUH 


194 


X & ROTATION 


4 


TRX,9A,B,C) 
L 
E 


bm k= 2 Or Q 
Sd rvOule 
YS TUK Oe 


ar AN 
aa aa 
=z ££ 
Wjyuis wei 


qd NMN#tE F&O 
TITTY XK HAH HH 

~— m—O A002 ee VME daact 
oa < Gas ee ee aS | ane ne oe * Oe oad oad oe 
Tr--~ssaqadaWwor saw 
04 fT TBNOMOADNHWWoadana 
a he be HHH HOU I rN O 
“ePWwOoOoddeeli tnd pnw a 


a> aAdnq Onww~ GOuwnvr3n 23 Fn nn mem 


W MK SdOH OK ZNwwZNETE SZ LANGA ANIM Ff eS 
i an eee ee ee et Oe O° 8 oe ae ee 
—=—IMNXD TA—ANQM=ONVVOUO OSM ANNNOO Mase tS 


bm et tbe RO MO W WON New ww ww www Il Sew 

DME TS ee NH NAT We Nh 2K KK OK OK KOK OK KKK ZZ 
Og@g@e2RodMMNeag HITT TavNSaAaeeraeerraa aati ex 
emve NOPE ArR-ETEAAAARR RR REE RE ESE ED 
Ot et Ob Fo SRS Seeded <dd< pO 
> Asda oONCUUWWWSETEERAREALTOTDEAWZ 
NA mf TONUNUNOKR EEE AACA A AK COKCAe WL 


WUOOO 


+ A(I,K)*B(K, J) 


~==CO~-OO0O~W Z 
NOOGOVOD0O0O0CW 


ao & 
= eN Oct 
YY ne UL 
ao oO~n~r >} } 
> ~Y e om ON 
Nae>Onirm fee 
eX EBA NO og 
Zax IMO~aA © 
e—- ONY TA - <_J 
OZOOUO™ ea | 
qa © om en rs 7) 
Letom o ET) QO «ec 
eN TT O~m ~ Zz 
Yao ef WL) a Ci N 
AW efi ~-~ N> <«t 
etL<iue-Z7 © o Oo ww em + 
awd Oh «Me TT ue ae 
Trew WWv oor mo >a DO 
CNL aw —- I= + 
Dah <i OM FO © 
ze ete Im —w wae a 
Une ee & @ ee wwii i 
o>) ell F— ~ ex<0.— 
> ADWOTM =“ sat 
MMATOM I< OO Netz 
LOZ e<{ «<I wee @() 
IMD e aD “uw eee 
ma IU OL o ht Wr e 


QOwODe =a kK eOr 
Wipe NO< ao CO eM 
ZNOMWOOUFNZZZZAcz 
=S>VOrme2YHOCCO aC 
- oe — OC LL OF tet tt rt tee Cy = CD 
DRS PZ ke Me WNNNNNW MN 
Ome SOOT JO222Zzaozt 
CMI SERED ew iWwwwnNes 
Om SWE Se SATE mH 
WNC we SO ZDO St te S et 
ee 

= =! aaye 


QF DIFFERENT POINTS EXPECTED 
1S)5) 


N 1S THE NUMBER 


vw aN] 
WWM VW = 
eas | <I = 2 di - toned 
<{ LL > z @G > — 
zuM) <q <{ — iL =a > 
qxéyme—- NA WZerv ao zn" -H. <I 
ae 0 ee a Oo A el OC OD) UW ow 
<I - oO fKCaet << ee OF Ww c. ja 
OQ» ee oY Ow ac a on™ <I 
Liq = CoO a A WY - = e 
exe Twat -OrF- ue ke MAO ej 
Wor ZU OZ wae ™ WZ edie ww) 
eR =O YD = RW Pa eu e 
ZOO ZO F&F CO O> ~~ 
WwW <i > zWwie Wt <q OA <q oe A 
HOOW —aw =) 2a ee) wo ~ 
JIS SW Cs Gea SS ez zat 
agjwoceere Ake & DI 2 (ah WU: mt od 
=O oF bo iso & ad < rote 
=z Ze Ww 2 iW) oo > Ta 
LL! one Orde We ww mou ae | oo LL} 
eo ae om WY SE Te) =~ aad 
<x + Nn fC F-& DA &F F&F x <{ eO 
TreaInNe W>ct ey MD CH ac 
eNaoden OM Lue a ethi > S ay" zae 
2 2. = YW Teg LL > I— 
ws OO 2Oz On oo _ err) 
= Aww S2u—s SHS Ce > +> — © 
aA NO SQ ee Cw We Ig fad ot bot 
eo eee SOC Fe OOM (a a <4 ~ b— ow a 
Saco mt J asm UIE a ll ood OQ : z — > — 
ap fame 2d, 8 wJisi YCNOS re IY ‘an > - fe. ~~ <{ ed 
Cm Oem COZ OF WwW NZW rant DK we) z an > ra 
Do WO uO oO Mew - oe CQ — mm Piy ~~ AY bane 
SL Lea) iICoa> o< > - Le — a | < ad Q. ome 
MNSdwtu Yu | WWE afew <i —Y) = =——~ = «6 Ce = =z oc 
OO & Ce Ce <KZ”nNS rw” Cc oem tu woe a atQ Ww -~ 
SUL OW mc ee xc cS o<{ be e- = etl) —- Z ow Cc -— 
Tz=ZOr wJO™§ aw) WNC Ja <I> mt tnt eHxrYr Word e my age ~ 
ete FP DUO CAdewa 74 - o e eZ el bh + he be ~ em Zz = “a 
Zi CODO WxK<u Ze WO Ped ec C Oe aAa@MZ7eZa eZ em ex mt OY OC a. om we 
YN Fw LO Ww Wie TY —> OI WLU Zee ZeaaZzrQan~— + ele be Ll AY> 
m= 5 aeMOWMTL = FP DSMNeE au ie UW —ZCOoO> eo WW wu ewrtei ect A MNALZZ Y — ~—oad 
Zw a ST NOZN ee SIOmYy ww Oe ees ZO ej<{ UW He mete owt ~— 0. 0. Li ey >Zza 
aot Wet Lei TiC eG “SZ ef GKeHW™ xX ao WO Cu eetiear ZO Cen LNWN Zs Ke YX 
Ce We OWA ORF Maa eo Ww OOM Ouest © el. Ct Of HOA I OM HVS I amBVWwAr- || A ww ON eel Hl rn < 
Ow Fe Om FZ F&F OAS WE OWNVolHUHCM elt ——D LL) ff ome) I] <{ Ww DW ewes DOWD ZZ Zsy iam + Jom OO 
Sa 2®@AIqhOTUWwvNwOuwDow eC Wan Mary ComweewrZa pm wee LL) tet et NES Se NO ZeZia K—CUZ z <I <{ |} 
NMO=ZOONF OF=LONOT= ZZ Ce ake Ue ZF eS heme >elUlCOOrrmee Noa he OR KIM ON I Oe KS OOO OO Oe 
— mee SFO eda Ke OD AOE OAD CN ICAHN REOrK FR NASR OT es te 


ZwWZOaWwnZidse CES wm eH SOR er OLE J) Ol EClCUCO I SS fj "Sle aad 

A~AauUNOaOdseOaratwOw ZOauwctwdw cadaduqadOadQudCawOetmnwwGo ZOoOoccana 

Zid J MIO OMIMIOY VOODOO YG WFO QO eOSZOodqdadeZO WOOef2Ze 
— 


~~ 
— = Oo - N ANG © 
CJ CJ =e ot ‘af 


OUIOO0 VO OVUVU OOOO OUO UU O OO O OO 


196 


38 
(1,J>9)+EQ-LLOW.AND. TARRAY U2, J+ 9) .EO-LHIGHIGO 


a8) a & 
mo FO 
= — Om 
- eo Lea a 
bh Wd Wd 
~ — © coe | et 
eS we Oana em Se = 
Ee = Oend eg ti 
a2 =. & ag amm~w ere OF = 
G& Gy ea oa Te eYxe MY 4 
eae OF za a eZ J 
w+tm— _) a 4+Wwart?el aH - 
e Tle Se e aa a@~@wdIoaA MUO 9 
mete = — © oJ << ~ -— 
Suc wf eo SS faeemce yOu GCG KES 
oF Ob ee ZQWwWIat WORM aeNSORe Ne TSCA CWO 
mE Mabe AZDI9AHK Ddwwwi ZM~eMOUN MDI 
ad Mat eS DNS CC AS2Hsrerersl is - Zi Zaz 
—-ucntaerdo Noe Odereardady es HOTON TD Om-ea 


Chee et ZH ETO IM ee ae oe ZONE E ND 

ees ciwr tom StF we Zi w AAAS wew SC ae Om OE 

MA QA G@MuiqgiilC LEGS Oa Se eee ee eee ee 

me) me) et bd et ee ee ee Zt OD nd J Ls 
_ 


st CA oO O PS Oe ce © 
98 ee ol wn — sO MT OO OM  g 


| | j 
oO Bio cO 
z = < 
== = = 
oe CO 4 a 1 
Wo WO Wr 
a) 
nt et” ed 
ee ye — {+ =— 
aA —& —4 
a2 Ot ws 
mi Ow sw 


—eE ee Oe 


**X2+(TEMPIN( 2)-TEMPIN(5)) 
*2+(TEMPIN(8)-TEMPIN(5)) 
T 
( 

5 
( 


-~ amSkK at Na Oa “ao 
cage: ~ eee eel eed a Sa 
a ~ ernmenm CW ZW aus 
] 2 be pmo Ome ete ee et be 
ee - =<. Zza~—Ooy=w~m A | a 1 a I ~~ 
De we eEZEZ I~ E> EH ~ = a 
ma “. Oe OW We WM Wet WAN om od oe om 
=e mam Oe ESE Oroee= eS ee en CC) 
~~ o- aU cod > - > m= WW LL tomee tod wee mt me bod a—Liies &» (CU o« 
ae Mee —~—Z AZ AoeReE xa *#OQ #0 eam ado 


Mm = 290A FO CO AwKHlweK tl SHE KT HS Sate es Lud 
ce Ne Se Ske CSZResee— QW OW gow bowel Al let 
0 ed ee? en Oe © oa Oa <6 ee © ee @ Pe ae hae ete” | 
KLAN >O MO Wo law~Qwe—tl~m li~ Ie Added sS->-— OJ 
Sew CMO AI MK QM we Se sD fmm ff mm $m OC OA OAM ZT IA~— 
OO eK SOU ell OM LL BOW mL a me me Ome eYOA da earn 
Pride Ce Heme athe st OF OK Om mm em em eee BKK OOCM 
SW LN) WOODY) Ye ee Ee et OD Ne ONS OL i) etter OC <TH OO 
) mmm Cl Oe ee ee LL ee LL See ee ee ee ee ee ae Te | | |< a hae 1 On ee 
<<a 2 Zu Zeer eS CISCO USCS IN 
Doth cele ° Sel omen) eel Lee) ceed Dh heel © Sneed ® Seed on Sele Sendo? Menlo lem) bed “101 ee 
XrnWvkrseraSsrvaZyvageGase 'eCOOMOAGMWOOr FEOUOTOTIN 
mH- CeS= 2 Ze BNNNMOZLODPRZAOLZZS <acaor ~~. 
AOemeacCOwOOowoOwnet VHF OAS ew ra Ocuutustlodad 
WOZZKReCOraOrFOOrA#H Ct SR RL eR rR Le ROC mete OAT 

a4 aN AN AN 
—_ N ww mo ~ 
és ~ wt + + 


197 


om OU tl 
“Dum i = 
—am | om Ph 
Oetif & 
UA eT 
H emt Bw 
My MOMS ed 
e<t ow 9 mt 
Hr emticdy e & a 
ime Sor Se Tee 
or = GE | ee ee a) 
Nae Cer rsz2e 
NeaoOogodadso qe 
TIT ISO ak D 
~q dqeCceetce 
CHU CGUNW dad Ou 


LHIGH, J) -ARRAY(LLOW, J) 
A 
T 


SD ID OD) pre rt pret wt (SO 
uN 0 ~ 
Ng f Sg 


! 
tf 
ad 
= 
teal 
a. 
z— 
Uses a 
— St ++ 
[ Te 
eae Oo 
Om I< 
ww CO. ond ond 
Ze. Wu 
m= ne tS 
oe ow Ht 
=. | = md 
Ula o0 
bh A ac 
= ond wad 
#2 Le bh 
om ant Samat Peas} 
om ©. men 
= wf GJ we tL e 6 
—~ + + me wad 9  b— 
iin Wie ae > tt ee ~ ad wad SO 
fe & oh. & wr e ow 
a2 oa Stihl rd) roe kooks oh @) 
Se, ee ee ee] oe ne eed od a © of a. 
or Or Or OI~-O = oa eeN & ce = 
-~ Wem Ak Ak Ae Zoe CO m=O mt LLL CF m wW 
CO =f eZ Ww we Oo e 2 POO W a. & 
- o Qa FO FO Fr K tO Ot CO eee NI — ! ( 
a= Ne Se Oe COKE OO CUE OOO wr LLU I noon 
CQ. eomewww Oe Om Om em SC KE > Ot Sm nat et ome _~ om 
Ww Uae >O CO CO CAwKrWE A wlio Te elt nm m 
CC mew ORIN IPO E (On WS ere CO WLetmi(D o - = 
S) o> Sok et ef) UL et} Liam com e Ivy eb. CL ~ ee aes et a) 
Oe be OE NOME NS F&F Ht ON mt <aI>> e oo ee 
CO HANI I MW it DN Mw Des WO LG I tie Qe SHI 
LOM Oem YI JI II Wr HTH ON ae Oe Ne 


te<qqniuvw 2n Zu 2S™A er Z Hee Re ZNE Ce Se 
Se et tet OL fm od tt fe Net be OT OL ee COO) HH UW WU me ee cor el OC 
LEA I He SNA ZINA SMO DOC & NOLO mt el be Oe tet DO 

a an? Se ae ee ee oe eel Ts ae a ee de ae Te es > 
ZOCOMGAOOWCCWOWCWWrERULQOOW WW Omi cOUWgtOgem 
WO 2 ZO be CO bt et) Ot frm et at eee et te fag teat eee met) OL ae CD me CD) 

aoe 
on NI on) t ~ oOo ww wo 
un uw un Ta) i Wm Ww 


SEGMENTS ORIGINATING AT SPECIFIED NODE 


ud 
—= 
CG. om 


3)-NE.0)GO TO 105 


) 
104 


R 
79 
O 
) 
) 
l 


TIAL VERTEX 


DE OF ALL SEGMENTS 
eLLOW)GO TO 114% 


YC ell D> 
tet SS tee Co, 
UL J o> laf 
vt od Lp 
OG | aed © Se 

User me *o& 


wt 
ou 
=> 
ww <1 
> 
Io 


ZLOmA eer deWaedaqagluiad 
HW QBS ee DS Ce Or ee 
Ker THOdde>fwye jj “2 Il 
Pied Had Hh Ut mM TT Due oe 


<x 


[eo 
a 
=< 
uu 


Cs TH wd Lh wed eed La. XC 
DC) ed Bt OK D> HC) 


me DS 

apee Ft tee 
Cw Du 
CO) met} toe 


ane 
Cx 
a0. 
a. 


198 


a] 

' 

+> 

> 

fe 

od - 

> =< 

cm e.. 

baw 

-_— WO 

Cu. 

. za@® 

xi) LL }— 
oer. ot 
a CG: o J 
Ye SIA II 


~ZICH XE 
aK XYZ AS 
£40W0 420 


pont band teed tet () beet (9) 


rt th 
Cc = 
oo =i 


ON NUMBERS 
H,5) 
H,6) 


ECU 
LHIG 
LHIG 
OW 
OW 
IN 


NTERSECTION AY INITIAL VERTEX 


G INTERSECTIONS 


CO TQ 103 


“Or 
TS) 
WU Wiad 


1G9 


TO 
eYLOW.NE/-FNORML(1,2))GO TO 


TION OCCURS AT INITIAL VERTEX 


0)G0 
e OR 


o 
Ogee i sp wd NM eLOee HH wt 
eCetlr aeareOoOZa e>]v 
“ab CIIWOCKOVUO——UCa— m+ oc 
~ OM wm~DZa mee ZillcndadliZzo xe 
acalkamasce th HOT Oreo HH OMaoO 
Page Os | ae ee tO a ee | ee «Ga 


ott tt 
mat mt ed OL ed te 
Ticats Dake 
<x>ac Oo 


Maw Dhaest i) —K 


Oxrw~w wweld 
We OJ 
bang Ded OF (>) tt pes bret pod 

a 


ee? OCD T 
Gee ee AGG 


WEEK Nn Wa eww 


NNN 


"OC DK mnmWZ ee eHOO0 


Whe Zatha JIA aHNMOR FENIIT WwW 
ww DEK Eww | Nes em WC em DDO Z OK NEO 
ZuUeKe Sw NOS SSA eK Kee IL 
OSD Oem OOO I A BO YEO HCL BHO UNH NIT NSO CA >aoO 
THK SMIL AAA Tse RAO hr O LE mE I) ttl Rm KE Ea 
Wee SSSR Ie— YER NE VER ae ZewxX XY~w~w SI 
RMP2A0UZ2 WWUATULOOUIMNOOCOOCOCOMUMNGOLEIOCIMALLOOUWKLOFZAI0 
ZO CK DD OD ADK et Zt et et te OD 
eed 


ond 
(a 


3 


l1eINRSCT 


NT2~EQ.0) GO TO 103 
+1 


3 
DS PLY-1 


AND.YHIGH. EQeFNORML(1,2))G0 


MY el 


 Ilet<tb © 
skenls dank Ae © 


199 


eLE-NTEMP)GO TO 201 


SOSazere 
See HH ZONOANDE KM Z NO 


Tw 
CoO 
ae 
‘em ee) 
= = 
© i 
. e) 0 OO 
_ ond 90 
ap 
oO G <2 a onl a) 
ft aad 0 es 
ont =~ Ww Cy 
omnd OC © aw 
mw + oo ee) © ee ot 
Wee a. QoQ ~ OO = ate NI mA Y 
Ye —_—_- — em e—C) Cw e NO > war ee my a - @ a 
Val 7) es wa et HA bh WC) WwW Wo Oac € ot) booed bond Oo 
wy amu. > = =O dtm tO aN WOnrnw NWS ff eo za one 
~~ =. oe ome eq Wey el am WyYY OQ =r ro? oe 
CO OOM & 1 fe ? wt eet OL mt Ul etetOm eo OC I £2 wad ond W 
oO J JMO — £2 OO Omeme > efor Ocl dh mm e elf SEE O OF ww > i 2 WwW 
Sex > QO. Wem ee~mnrtL ae ete COC em LL Pe = JT edd OC OC Ve) 
> tte —- NaN Nye el) Se al ee ee Oe ee = ee ee > OO oc 
—- =OQammnam a ele WZ2yYy~rt SZ Wie Zee ||OOO Tu we zz ee) 
oe) eM aioT = el aD wmUOY Ae Maey~ OMe YCAKOrnmweZe WW = OO LL ub. ~ 
YN ame aE ZL HANK HAYKBSNG cae Z CEZANNE dAdetpns 22 mit tt = 
CC wom mNO a~ wien wll Ey +E UtY Bmyve* Seep seziQo “Wu +-—— im 
= Owe IZ TT. OO Pewter 8 Oo OOO OO OO Or Fa ef tl It >>> 
met ep Ld LIST BOL © fee FZ ow WWI ETO EE Ow ES re erWAW Oe axed and wad iW 
AO ® Cee E~CLOM GO BNO Messe ew Ree Wee KOOD rE Or rE aA20. od 
+Wst LC eXani Sey WwW emOee wr OC Hlre ~—~WNIt FH ellIMNZWWO ewe WWO NY a. 
eC ellm—areQOOrty<ny W © Qe ey Seem Wt > mrt mh rhe ee DU STAAO DO OO DO =» 


LD frm eat mt ce wm) ee ed UN LL tot et LL td Ft td OK et OI Zt EE ZEANNNZ OM Owe 
DZ MURULNONSKHNH HID NR DCW Rema ewe www dd yp DH tO Ot lem tet Dal 


ZOTMNIe SH WH TSeL ie aZraNwdIZACOWNeSLO CKXK ONES AeeOny WEN Kee SOINMOrrK tl NWOOOoN 


oO 
o Ou e 


eYSEGJ-EQ.YINSCT)GO TO 166 


NMHNOOFHOMO 
mm © aS 2Or ms 
O pet bert fo f= 7) at aad 
=ZZOUZONO 
ed caf Pt at DC om De be 
at tww Oda 
Cory KS eaxen 
LCOO<awoaeemd 
Rf22CAeK ewad 
me LL UL OC OL © bet tes 
runueteOor ie 


tat LA IDO Se IZA Oued ed eee OM ZZO rPSSMOOZADO]—] BOHALKCEOMS | ZGCOXM™NASS UNO 


BL mt NE tm mm LL LL Cb CD CS mt fe et fe ee fe CL) CL) Ef fre rt cad Pte ed fm mt Ob ed to EO tet tbe Sh OO I I OK 
242 ~YYwNNZe2We ost wmSddqweZwse it SS — OK We Ce Kew~wOwsd—s~ 22d YRS = 
CN HO IMLS eI KD OU OWUKLU Oru EERMOUBSEOQVUBECULOLWOUOWWTOQOOMMATO 
() et OC) tees towed pret el fm es OL amet EC) beet (_) tnt pent Deed beens (_) Deeet Dewed (_) tenet Oemerd perm () (1) eens ont ent CF) (_) pret Pont aed Gey Deed fret Quy Sed IE” mnt (5) DK Dm (_) pes 5) SD DC Dm es CD CL) 


T LO mu wy oO © ont Le @) JT uy N 
uw) Ww Win 0) uw 0 S @) Se) OQ O Ye) 
—_ — — a at pa —_ = cq Cc =—_ 


oa) 2 
0 0 
at = 


fm f= IDO DK bet bh fe 
AO SZ SW ee OU. 

LY) = =I LL i WY) CC 
dame Bt KE Se DK Dm beet bat Peed at bes (_) 


200 


FT,»XRIGHT,YRIGHT,TEMPL) 


bh b~ 
WO 
AW 
Za 
ey gy fc et 
CO «> tf 
- & 1 t a) 
“—- AQ! 
OO WoO 
ea ee oo & _ CQ 
MN Wir ~ —_ 
mtet TOT WO oo 
ee OOW>- © 
Ae tet) ered ) Om 
ww CL ee oa mat OS 
>> met LO ~ ~ Ow HO 
Ps - ed oe eee —_~O fan, rye an kaw 
CX +> TH Uc tu ~~ Ww oc 
Ce aadtooxO Wan etN™ W on) = OZ XO} ~ 
a wd Wom oa) Iom Wu <I Ci - © Cl = 
aan = Qe to OL ne Me Me A Lae, het Li. od BE Om EA -~ TF 
Teqonoyl LIKNDO mine I a Ost Mr SO Yr © 
<I % CH Wem wen | UL | oe or Lk om ) — o Ott to =_ = 
Hmtnr TT t Hee CL AS pet ew ee ce be a. —_— Fem omen ¥y FT 
aCHC ODOT Har > OO <x il tt =<. OO a IMOMMOO 7) 
OCC OCO © ef a Se 0 oT sw te C mane bond OOM eH =z ( 
OG eLILC™“O0O—r ae BSAO eo =. a) > x Om © a+ OO = ~~ Il 
ot op mT eo eK 0D — Em + + x «K> ~ a -~Irtwe2ii- 
be bp mm + + PL Cm eNre m— tt tf cn ata (OOD o-tliier™ Oh 
km > CC) aA we be bm HO Lm ie As) ed — ay ° (VX > © Ortert bet om we et 0” a 
WMUWM © EMUUKX © @ dS LLL QZ et ph uw >> Gariheqda QGQnNitea eee WY 
AZNZWGOLNNL SS Xe oh MN - JIC WOOD hae Wee CSE 
Lee CSM ON BW me he HOO OW omtmns [fm O omy e© ory IlZa o 


mt > et te ST he OL et et et OU ION ZOWO TIM MSL BH ZeMaA MWA 
Ute WRK BAOWw then e ZSAaONEaae LO 99M ZHWitM7ZerSee>rCennowrrl2az2z 
Or DeTatlikerwe oon Ss RPS Z ZO O~w~w COMR Ae KOR ZS MOAI KE OCU eee 
TL OL ON OL ee YX ee or OO See OK INO i SE ONE OR oe FS 
Pe TOO Te) OO Lene oe OP Me Bt ne ed? So Se Se ee ee i ea ee OC te es as Ae ee le a © i a oe 
Led OO Ra Ore SUL ES EOUWAOWWEOOUZ ZT Own qaOuUU MeL WwOANnoadCol 
Pt KK ee De at et tm fe Tt tL) et) tt fot tet et C9 OD OK OO OOO st KE OD OO CO nt at et ee et et OO) I OO 


OD ~~ © on WO — Ce fae) XO ANS FT 
O O ae t ro) Cc Cc ee OCi HS 
4 — = nd ‘oa CG! CA} —+ wel AIC Se 


oe 
fe 

w os 

aad = 

/) cn 

= @ 

to rT e 

=. —e «x 

th - ¢ 

o te ~ 

= Aj o 

a ead S 

en ha ‘aN 

Somer? CO @ 

> T & 

<I ps x< 

x = ce 

od ~ = 

.- eo aN = 

— = & 

=) ond eh 

mL. it & 

oo a) P - 

oa & fen <x 

athe ~ WW 

ta ww o 

—> f= o 2 

oS) — = 

iy GG = 

—~ a | = 

m4 7 aS 

at = & > © 

>a a © 

Ie we a 

Co ed <I D4 

+ =o II aoe 

O+ 2a A+ cw = 

ZO ewe zt os o 

LU J atom HO io oat 

EOS sme OZ ~ 

CO we (Ow et mee OD ew — 

ETH ee iia © Oetaet+ lie fo @) 

eM HH Pree NEE een @ 

Td ood oats ded gt nd od oe eta ~ 

RPHOOr OMY HOO CH 2@ 

I~ SSNS om I SoNtZ e Wes 

OF we Or DE wee O  lD~ 


~~ il toKaeeO il ti z~— Ze 
YK HOF Ua Or Wn eet 
CYOMNCKZS Se CKeOMAZ ecreK Ses 
ee tt SO 
ZWOMUUGW=OWOMNLULCUOO 
CLS tome CO) meet bat beng FE mee (_) feet (teat png tot Et CL 
~ od 

—— (AVC) 

Oo cw 

uw LUN UN 


201 


»< ot 

Va) © we ie 
~ & ON < 
- ~N © Ze 0 
— UL ~ - % 
zec a N o - a ~ 
Uux<S 2 iL a» - -— - & a. mp) 
One ecm tent —~ ox ” ” 
—t ae DK tent eo — uy <I a@) <I 
eel Oe QO pt jf oa) oc 
Tw oo X< = um NO ~ bh 
<—eD =e aN uJ ~ «x e < za 
WO «edt > Meme <I Q. 
aw © om ~ Kim et ~ Zz 
~C:Z oo Cu - elf) >< LL = — 
ee oe <e —_ LON meme m4 CN aN} cm > 
oo oe & C2nNMoO — mt LEV ONS & = > ome aa <{ 
A> Ket Q “Vy aN x< + « VY +t «x 
mi = (je z >< SIA Ye © ~ oe 
- ee © dy WwW UY ee Oo « a. mm ff = 
eco OU = x< iN ee ~% x vee 7) — +> W 
KN«KM wf e O) Wo o =D 1) = o ia fae) <— = UL 
WO Li > eet - Oe ~ “ew UJ sf — = © (oo a) ~ 
ae «KL oe = mA O = HW ~ p— et os 
©e qIrneFTavw-AZz — LN ema & it ca ~~ <I o fond 
SV D>e ee oD M0. = ~\X< Le Yr eC ~ -~ = <« e 
eme(Mee YN fit) fas aN CG SS er _ ino — “ec <f 
CO Um mh ws Ow <I ee ee fo ae fe Y * (od - 
Oe eS ZSOCIaAs ae Ons lu (oA oe Loe) © t ~ Z — <<< il 
CO eNOW]S el it Y Iu D> — FE a —_ wm OW = Cc & 
e® Ot aeQm- Om & « ~~ & for MU) & — om @ ww <_< ow =. «=. WY 
oO e<XWeuc LL ane >— VY) ema >< —e OW © te a> w (A W 
© Jefe euife —J em —_e >® c> om ~— & om p—- «<t > = 
eI OQ ew OK) mie A. ee Wer ao femme SF foe) Dd oo eS = « <r i 
KZANXKXNAENYOO Ne Au oe —~ &FOoW «O e or -~< ao fc ec = 
COC =A! tit Og <ox COO ee Na — = Q. it za < ce O Soe 
aie em SN LL © =) <t vad fmm o¢ ak emaem OJ Z2zawn Om —_ ~=6«tih <I ~ pe 
PYNORN, OS MOmR heed — & pm Tarn w p— emt ff | toms tome (> Toa ks @ > — T] mt 
eZ MNe m= ON Oe HM ee Za mOs ee ej OOAz ms «a aqi-> ~set OF 
WWII aenNe Fy ZT su ~e Ne a HO an Llae AONE mamty (o om mr pe 27 
eSoft S| weww OU ODOM we % et & wd tem Ze (NOON wiltmo«cd oo ow fa = 2 Oo © 
am <P ec © RUM MN et ee ZT NOC ee —CO}NM ST & Be we Owe DYNA KmM AMI OCMOO w 
KON 8 ON FOU OOP m=O Ne ON aks > eT Oe BDC OP >wr OO & + OOM Oa eX a 
we bt KOE DRY we OL ONT et Lad a I es A | on O° CO Pl oe) od oad ee oe ° See) ode) Sl oad ® SE? 4 ® 
aU Wide MWNUNO I} le Cue NN oe Oe Kowa eI lero lscehh eS ell cee 
PWD oY) & & ONMQIMS © elUNNete — Sma oe IS Te I Oe ee SOW OA ee OMA DH O TSW 
Oa ewe re TOOQOOQ wwe Ce Dewwwb = <I tl Ra edee ST HSU ND ade S222 we 2ze@V ZieDe 


tTID«e eR eZ wwe I I Hwa ZR eee OZ Tee Ow Wa — rR KE SH HATO Wwm— UIE OWN he K Omer > S222 
ONT te QL We est ee edi de ey + er Ol ue TeOnROZZOSZZ2=Oe— COP >r DH OF COPOK—Ae 
Re ete OC MH Fr OMNA ZS RENE TE SZRND hk Sa i te Sr ke a ear Pda er ZS 
> eal ® A a 4 a el Pe Ae ae A el) ee oe eee 
CeO OWK MACWONULELS HOOCO>uuU ZOCmuuUuTUOdOaaOQaaOOodeada OCG VUOMO CS OG aKCuww!s 
HAMe a LOoe 8 eC em Behe NO WZ FS oe Oa OD LTOYITUN ADU ZOAIMaLOmULO SI TOS Oe TL 
HNMOS AAM _ NGS ~ 


R 
C 
C 
C 
C 
N 
( 

( 
L 
N 
R 
R 
T 
T 
R 
A 
R 
R 
R 
N 
( 

+ 
D 


uy NOOSC CN et N ©} uy Oo es °°) - 
wy @ OM ~- © © ioe) .°.9) 1° @) Le @) 
uN LS LL UN Tr +f + adi tf gi tT t 


202 


- & 
Ws ©N Oc ot 

Q>=-s WT _ 

bj Jw > o ‘) ( 
Vio~—Y) © om LL. ao AJ 
IN>Cnrm Cc No & 
eHQO ZAM — _— ~~ 
WDBPMAO=& WY) ce OO 
<n oo Le and mcd 
u *eMOU™ e o HO. | 
—- © oe om ead we b= C)> 
OZ mam OBO = OMe 
wwuryr-O~ ~ Zee 
o> C8 oO JO =) Ll ef 
TOdwZ ee uw —- eM+ 
LZR Ke TT be ed oe ee od 
QWweraorm YW ~wwe 
ZxIrEr oem J tO 
i oh <li To © WADMDO 
or oF - IMO -—- WYZOd 
>An DT eo o mM OW ef 
Il) el FEF - =< e 
CH AWODM = & Mp 
LY ej ij — = ew (/ 
qI>qou wa aI Hal 
mm oF Ye oct = wwe OS 
te Fe Ce Ce) 


MALIA ONe>- Caawared eo ° 

C>\ CY Z © &e OL ENSIo) Oo eee 
aACUUODMK Bee xe ITOH T2e eOCC 
Wir Lb eYOci red oY toch lbw 
ZZOmOOWFK FE ZNSSZOUZ Cc Mm HH Ea 


es JIMNY? OCH ODCOMO e ® * OLN om HAI 
—_— eo — mC LL CL et Ql eet ( SO eC Cet OMNI www 
PUMSZOSk *CUWMNWMNNMNMSF HOH ef eSClOwmmww>>r>a 
SCSCZOUTsIOLZOS VSSSOMAwWVAICAOU NWN o> SortTeriag 
CMEZDBMNOS eMswWwwMNGt ate WUeuUDwWSe TS KZ BED 
De SWS Cer Se ate Oe Se OO 9 WLW 
Ym OPO] > GO = OC Sr TIADOAr-AKNULNOCCS>>>a 
yon an Ean] 8) od 


ND.AH.GT.C.) GO 


NJ 
oO 


T eC eAND-IARRAY(1,IFAC2,8)-LTeCeo 
1 
1 


L 
TO 92 
e12)GO TO 92 
] 
9 
0 


~ om ® —_ tO 
amt mOm EO cor 
asa— DOO O am o Ex 
- & om & “7 == ~-O = © Oar 
OD ON et TMH em OP OOM OOM UIT ef 
beet mL MLO ONIN eo OD efi > >> « 
Zz © OQ eo BE oN ox eS olU> EE e © 
CHIN HOWK TW e MPOWT Ow FEZ 
eh ee E> EON mM ROM OO 
Ot 8 o> IOI KKEMOMO> 1 el 
ate Odes IANO el Iw ONO KK oe 
VLXLN~WKN ICO Yaa iy J ad > + wee 
AOL} eh Owd ww KZ KD KI KIM sO” 
mel Cee > He | o> eK CH ZZ 
momo mee PEK Za dIEKKDNWNOY 
WHR NC ae ce SO Tf] De te 
CNAINNLWe CL ee ASO Bey emu 
ZHOQWU ma BEMAOOAAI KS K KKK DO KEE KO 
Oboe Alc e OOO mete I tee I I I EK tl = 
<KYNDMOKUUNG YIU DIAN SSNS uO 
Mh SE tO mt tet mt et Sy ceed mt ed a) KOK OK OK mt Bed De De Se et be De TL cy et be 
i 


ond 
. @] fo @) ma 
a oO 0 


TO 92 
X 
x 
T 


LPNTR#I1 


T=MRPNTR41 


RY VRINTR 


NTR 


S FOR INTERCEPT 
[Jell) 
ci} 


N 
’ 
A 


POLYGO 
ARRAY (1 
ABS(IEF 


SS et 
xu 
{x 
ZOO 
<< 
Lh. LL 
Li Li 
pend pond 


203 


o 
za 
wT fd 
Ov a. 
= 
© UJ 
a —_ 
> 
© Ve) 
(eS, eg 
~ A. 
| WY 
. mM 
ea] ee x 
LJ ~ oO 
e WO 
N <_ © 
is LL. — 
‘aN AQ — 
© oO ~ VY) tO 
Oo ~ awd Ore 
© oad o at 
CO a o- Fu) Ow 
i - =) CO -OW 
CS = <I Oo OW 
o (5 — LL. © e\Q 
5 cad = O~Ood 
-~ Oo - ei TN e pom em LL 
Oo wm ww ~ OF FP O N Qh = > OO b= 
e on oO e ron ) ond > < Ow OO 
—- © < - © <q + Oa fo WOAO es 
wake © Www ke OO LL. ce rae -— mA ex a 
om oY = Li iyo 4 b= WJ eae ec “=< Oe Oar 
eet ce mentomb~ mt Zr OM te mim bh O 
mAOZ(9=—O W th Om OomOH “nl AV om Bo m eA eC 


mUY OY et +h be WO el + ht CEs Se Jen ee 


Kee Seat LST eS CSS Fe Tew CF ae Ke eee ae 
I oY) ew FOO ON Owes FOO ON 0 ere MAS +-WKAO>W+ ae 
Cima © COM eek ey © SAK ete NK ects dea 1 OMe ae 


Se Wt OCG aAaZrAKNOodG azz wNorwariil— Lao~wrxK e 


I>weamw TeeryYy eeu Cee a2 o> Cillmw CeTlakeaeZaes 


a e 
© GC 
e r 
— p= 
iD Se) 
8 @ 
NS ) 
ame bad 
aA a 
a. a 
@ @ 
a) eS 
Pa = 
<I <{ 
r e — 
e r © 
hj CQ =O 
e ® Oo 
a tee CoO 
| =e) wal Oe 
+ + e 9 Q+ 
ey ay > Ped 0 om 
- el e e << ‘in 
~ A = yr oO co ~e 
=~ - e oO (es WL 
=! x~ =x e © e © oz 
oe — pm e e -_ dC) 
“™ o e¢ -—CGO =e =e 
ta N Ww NOCOe O MFe CO WOT 
= — weet Dee Oe DCO LL 
— ~ F—F Nn Sr Nn WW = a 
— YC dt {C€ OC oc we OOD ee = OCOw> 
> Oo f€ CC Ake © Ahem eo ->_J 
< =z «ean ee YW © ® <a 
fad » << {< AOw HE DO]Y FF Oe 
fe 4 ~ — ot OOA WT COWOA ww Oad 
<{ mm Il rT] |-a @ (— oe «qq jl 
nt — = mt em Om et le ZZ Il em 
i) Ft rt NOD Re MOO me MRK 
=  & eezZz WS eer | ZH aod 
wa KS M Owe A Oe * A eli Te 
= = Js = —s wee A we © Q WEOS 
& dome | mtd om CD {rZzora 


me Io pe OF oth HN crab OX OU TN Sem CORA UWA ees MONS 2 oe + Sener oS 
ne wedardiierdre CAADIewD—- Cow eHowyY ew O&  QeCDwH weer TD wl CO oe pw Ow Kt KL II © 
oN To Si da Se > Dk? Se > a! > en od ° | ee a * ae el ea de | le 8 > a ee ee - 0] Oo es ee - a op ee - 

OID I Wath eit ety) Wal ier EN WoOODMaAWruLelaeaeqOodorea eOMOOcee@d eOMOZ>>F- OC 


se Taek ® © Lael ° Sl anal eel? E> 4° Slope) Oh od ed ee Ao 4 de Seat oe ee ee - a 
OD ae ae Ae oe Ae ae A - a Se le a 
With Coie td Oe OuUWLOe dt COdOubwLOuUddmauawn 
tame ame A) tm mes me) SE tamed Om fret CS tent forme Pmt) SB tee tee) ome A) mt fret te) me) OL, tame tt tae 
= 
Ov ow) =~ A faa) 
co oO Oo co oO 


>) 


ont = 


= v mW Oo oO io) ~ 
2) oO aon Dn oO o) oO 
= ond 


POINT 
FACES OF WHICH THE NODE 


FACES BELONGING TO THE 


CH MAKE UP J AND G 


TEST POINT NEAR TO KNOWN 


ENTRY TSTNNP 


EW 
BER 
EW 


pont SF ome 1) tet 


WY QOUUVQY 


204 


(5 
on) 
z 
<{ 
mae) 
WY 
— 
We 
~ s WTS 
OO = 
= To Or 
am! — 
& uJ 
So aaah fl 
- Or 
= LU Ld 
Cre oO. 
O YS 
= = LL peemg om 
GT © fa | 
~ am 6 oO (a } 
a tbe am pom Lown 
aS eet IN OY enn pe UL OD 
~ ~ el elll of Mm DOme Wi 
-) OFC ~ e oe FW 
O Ona od aq WW Ose 
mlemtUj alk. aL © YQOr- i+ 
OD) mt) tome Aes O adqZuce 
arnt ell eo eee ee 
Wi eQ ere OF OO OQ ame Za 


ms TW flu 
me weer LN 
me et eee CD) et D5 me et oe et wee ee (Ye =) 
CeTw el oD OD 1 CH Ome >> TU Od 
PONE wee Oe N Oh Ii TUL 
SACOM WZOr WWiLeYa cre 
mie > OF OW WRF UUM EE OFM 


—UW UNL eeO ODN od tl il 


- 

(ay 

“ 

-— 

— 

e 

ae 

<{ 

» 

om CG 

sox 

A HT 

za e 

wit e 

km WO 

op ¢ 

CO) ao 

> AID 

o> e 

Qi eo! 

MAL 

ox © 

ot of 

N N > +2 

ro NS o> 

CI 4 = om me @ 
_ xX HAO -~ 
eC) = ~x< @ x 
Co) _ Oo oe a 
AQ) <I >< (5 + 
“OC © Ui<I ce 
ay oD — ee lee @ -_ 
OW eNNNYLO NIG eee a 
Uy mds CoE oll > af CxO - 
MW es emWWT en dtZae wo 
SEBO aHeneY SEOASZRM WWIN LY 


cD xx ICOM >> 1 ZZ NW 
SAILS ele enexx eCLTu 
Wade tb eee OOO 
SS wee we EO KD ee we KEL HOI) PLY) 


= 
Cc 
AO 
Co @® 
COO -« 
m3 ¢ = 
O¢ 
om CC 
iw Oe 
_ 
wis © 
ey © 
Wit 
NOL ew 
om Jed «= UID 
ad= Ze 
O~> ou 
> Tt Ae 
aig * & 
Orr na 
Otd Nx 
am I} Sx 
Zalia New 
rad com US) Os 
Zu = OH om 
x eu Uw 
ew Tr rm Li 
WEO Iie 
OZO~ HNC 


_ 
UJ 
VY) 
as 
WO 
x 
<q 
Ww ~~ 
S) =a 
{ all 
Fach 
© i 
O - 
> aa 
| © 
© ae) 
a. ay 
‘ear 
Ww 
CO ad met 
oad ee 
Y Cer 
= meat 
oni n lt 2 4 
¢+ZOe 


LINON, ARRAY, TARRAY, TFACE,LSTFAC,OBSPOS,TEMPIN, 


VAN DAs WO MU Na ae cd egy OY cf tf ee oN eww COQ SOMOS Ica 


MWh EL Oh LS NW TNE TATA WZ eeMwWwTrHOf>>-OU Oren tl ill 
OS a aera ee eae 


QOD Wt ad td EZ mt Ob 
Wit ete id ie Oe KS 
MALU Ay de UW CW wo. 
rome Ot fred beet torent (>) tment Ce ret tet (Pe bed Se foe 


ut mn Tt a 
=~ ee | NI 
- — od — 


OW 


| Bi? Ge | ee eG ee a 
TOO nus Bic os Jl ae ite cs 
wed nd Ot KK DK DK Pmt pet ee em tet ee De TT LD mt ee CO DD 


oud 
tO 
Au 
Tr 


me OL 


N 
N AI 
4 


~— ond 


DO 
road 
gud 


CD et ot bane be 


O 


~~ Cr 
Te2a2tZz 
= JX > 
a eX li © 
Wid. Em 


CD 0. bt et me LL 
wee fj 


LOxx Dre > 
a wwe dere CCOLSE 
WOUUOTKOWw FZOOW 
pot CO mt ome) LO. CO) beet met tet tre (OE 


aor 
Ql 
mio 


N OF ALL 


TIO 
CTURE PLANE 


() bene 


205 


foe 

0 
x <4 
~ -O oO 
— —- had 
rt wt > 
a od OD e 
Oo OO 3L 
Ww te MCS 
Si Wet aad 


Ye eG KML 
2IeDO # x 
OWUG 1 tot 
Ree YL werner AaNMOPSn x 


aSHIN © FPUHNM we oH HH CL 
wrllLerpe JZ ee eT TIAN We 
ret > SIX TES EBPOOOMPSN wow 
Ieq_Z eel, OCC mrs 1 1 A> > 


CLNEOenN | KRSNA LNNN occ 


bed tm wrxKaeaqdddadxK<>n 


Wa ANNad UCase il iNew wy 


_ 
~e) 


os) 


Cc 
— 


AM,11) 


C>x< 


INS 
om LLL <f 
me > © 
= eel cC. 
Ou @ 
=O 
Ie e./ 
mm 


eI em LULL LL om 
Lit mt od tet (OO 
meq) eciQ @« 
eA ONL Ort 
od eee Lf ee ed ee (_) 
| >> eu t 
2. ftw I Qe ii 
[a age Ole Apel oe Ox See De ee Pe ee ee ND eto Ae me Gea ele AUN 
ac QQOQQww mw es KK NOE KK OA ex 
OS wont bt et LO ced eed OO tote Il PU i i Oe did remem edd Sr eK OTe te SIZ ORO XK OK > Orr OW 
VU G0 CL. mt pet poet pete yO ee AD et pes eT YD EZ If) be OCA LLY If ee ree Ly IO ed ed O ad O YI sl er ewe ft} IP tH OD 
Wu TNS 
AWW OINMO CY AACE ANOO PHL IOWwWWwe TOoWwWwrEtwerrdOmcmotwoetzwowtovagtZonnovovodov0TJ0oZz™= 
COOUMFROOAdKaddqdh040 KewewfH QUVU™=OC& SEAS EOO— EH 
[Pade ZFaaiundvshduntwerere Keane dtdde qt OO— CO Wow 
Ou RL OW ee el WOK OOWOUUN Kha gO CLD OU 
Pmt Dame Parad tone tam (_) fare frome KD A) BK PL fm be be <I at Ore tat tet es tat et) cae ced ced ed MH OK eT 


aA 


— oo onan tet om TLL 

> WOre LOZ 
f= <{ oman @ ml) TE et 
OO Ka MOWWWOD ow 
elu = eT TN > WJ 
UL) om amit TUL OOOO Se af 
mL SP DE ert ell 
ese enum OOTrewt 


XAM,9) 


$Y dO Tee >>- TZ 
Ie EN > IO 
CNIS GIA Y Owe O 
CO A KAI Are erunna 


WUD CLI AYE LS LL 7) eet tes 


oO. 
T= 

e > a * 

| ly» oO 

e b= Lu ry 

-— a = 

Go) Ww rm) 

@ T= e 

ae (Go po a EE. 

< — > <I 

@ Ie e 

eS > lw © 

= om a a 

<_ Wc < 

® XL a 

o as 3 @ 
Hin Oo tant =A ©O 
+ + e re + + a 
ot ond heres >< LU NA je 
ma (5 = mMco Ge) 
qc e WitiG Iq e 
QQ alse 2 Oo ond 
eo zg OO> zz < 
mt md OL) © wed @ ad bot ° 
TL § Ce > Wow x 
am CO + aS NIAIOS CO 
NOZ e WWO Oda e 
<_< ee Tew daca e © 
OO « oOo OGOxK=- COoc Oo an 
aan e mI aD 2ee e OO 
poet teat (NJ —- Txt (raed pore B= ke 
~— oP wa «KX ADO se wa © 
CVUN & ee j~ ewe WN oe bk 
ris = wet ae ee aa 
LL Uses I TarO Wwe <q Cc 
e eS © > eS ee e 95 
@ eft) a Leon ee > = 
few f= od I +O e & eK < ® 
wdedO Ww W oe #£aWTW wWJiwd0 we age e WW 
eel Tw ee Wx KS eo EFF OO ee 2 
ames O8F CF Bewe —-— NOD se ©) c) 
wWaLlaAOmN=ON © OMNNR JDledemitei ce = 


ain iti til © ONY Re ee e OZ 


eo + ae We ee ke oad et OO 9 eh fh) ed 1) ee 4 ee) oe 
Oww Om Om we Zi iwOw= Ze Zk we ws 
<ZzLUOUDQOUVUOOWOW SDUW SU © mt OS ee OOLL 
amt amd panes CF) ted pare (7) tered tered CT) tere CD free aT af Pmt pret Pret es 9) Se 9) Se Dt 9 at 
= 


a] ~ a A We) ~ Ves = 
~ = — = = — = O 
No) O 0 0 @) N 8) Ye) ~ 


206 


& 
Ge) S 
Oe 
~~ iL WO oO a= e a a a, SS 
oe a oe. C: ail © Usui! uithu 
PR = = 2 WY bd 2 an & ck a 
LL Lu Ww _ — bh OW WA 
han - — wad rat © ot bom pam bt bt 
o a o Oo fed —m @ a a qxrTt 
- NI N N\ ie W mr Ll << z>> 
fee > NJ < <{ i A. a, <I bh ~ & — 8 & 
a o » ™ e =] =z e =— Wu COu!Ww 
~ CI C= Nem | ts WY WwW uJ xz o ae Se 4 
Ww Kt ei BAO z = mp = =. OO (|| 63) a) 
oe Oo “oO -O. <I <I ~ «cf Oe! J ees) 
oe set ST HZ e »< Ire uw «x O> > 
eo @ >~UuU NW «WwW ° uJ NO e YA —— we 
~ ah al oo at oe oe) — = CO m4 i 
we) + et ew ete ° ~ aa. © a Ka IxZ 
<I —xN FN ONAN = -~ > >r CC <a WO<«a— 
<I > on >< a) uu uw oe «(2 Ot 2 mp ap 2 
<I ~e ~~ ee ~~ e x < aN] Tr e we <<{<t jam «a «I 
- eH QuiniI oan — g es N @) AO Le ~ o Or mw 
io 6 pone San Patan int ae. a <8 0 — rm es eT WO es LL! om oom 
co Yt Net Net ey eS) ( — << ai. Ph OCD HO 
- «C> CN Tx eS a LL aN] - « OO —— LL mt pong 
~ «Qe Qe Qe © FO N eS) zt e <{ rr na. LT 
Cc m=NH Nt Nos f& e SS OW = wo ee OO e mM x >> 
—~ 4 “O-«K— Om ARN we) Oo TiIz bur pb ~ za. pa aT a Mb hm & el e «OD 
amreiwe m=O e Ce Ore Oe —~ OK Ger « C _ >a ~> e we Steer ae Sx oe) 
cele) el ote oe ee © ) oe 4 : ane WWW! a Ow o oF —=OOO e OCO 
WO Oey OO eet 5 Cc Ost zane VY) () = x <x <e| ZOOWUS =) tS 
Cop aoe eC—_ stew Ciw Y) © CO eM met tt OC — ete) OO e WQ. -= <x ia>>P 
FON CHO HO RO DL Cc =f => —P- 65 we =O} ee = oe ee es a Li} owe & = 
O—m AKO ~Aa wa Ot Wa e Oe Un es CO eK eee << <I MOCinAHt >a 
ALO OVNe Ne Now COO RBZ uOKWZ mm eh OE Sl etre INO] mm OO <ox< ZO ax«K ZO 
at “Om OF OF 2BO OOK YFKE SaHHHNLO eHYN we YF *CiNOOrF O MWS mo LL <{ mt ome 
weed AKAs AN am Sf SHIT t OD + +e mw oh OOO Ob mers UY ee ODDS TI Hz e >rzae 
>t MNS Nw De Tt KD ocl ON HR OR Re Zee OS OU LL ea a oe oct ® e IY ectcu I< 
Ndi ~ OA 06: ae wae Pde’ WA TW FOU UAT eB! 8 Dwr Sew LAYOF ie eo Che wwe WO Wr moe woe LS 
eae a “Oa Ca oe ee WHWWZs QO CZNWNMNxK aw IO OFW OOCMATKK o O CO OW Oeaete4¢4y FT ond od ot 
eal ® Sh @ OD oe el Ge oem Gee Dee a | OO Sn © We Ale Ale A) oe ae One oe ee kT ae ~Y Co a emx <q OO Ww zx<ad 
Netty HNNTNNTMNMNe 2 OORMCBINW MZe2 DZ eQeKHiKvie WWD mmu—KH—NN «© uO G&G Wea il — ot ij mee | ome 
— NH iW eZ AeS PASS He Om lO me i et RY St EW Oe Or er Or rt tRNA TR AAMAS Sk | 
PO IE LEN Me Lie HT ND hemww Gi) STANK ZAM HOH OWH eae CH yon noodcadtli 
CO) mt mt OL met tet Ye lS NOOR re Se I ON DAO SP wwrn XO ea tr gl iat OCD TSUNA CO OOH He 


Omw~ HCxreCYCOCa Ye DFW UDNSOUCK Fr OSZZMOO NOS er OPOAC IAM AINOWCNCOUGEF =I QCUUCMNe rr mY 
MUU Lt) ee ee ee ee ee I DOK Set Ae ee OO OO ee did dee I OR Re Ee WlLKANRENXeKe Ture 


{a ual eu Tn | See Pe Le Oe ep ae ae Oe a ee ele) eee | | eo | | | | za ~—OWK> Zl > CD US wa > 
SQIOaq KO yDOtLOYVIKAUUOdM Ck Kea ee CME ee CUE LOU OUOOZOUOVUM er ITU CUM OGxKG Oe eo ea | ee te) 
Be DOS DO TD Tt eT tO et 9 OR Oe SK Tt OOOO mo TOOT OD a KT 

a = 
om f-4 aN mm TS Oo NOt OQ aN uN ao oOo N\ Wr OO t C 
ae Co _ —_ as OO N ANA! N Oo SO = Si = Pe (oe) 
oe ~~ es - OO =f) 6-6 0 


OU WO 


207 


& 
Tp) 
© 
2 
WY 
co 
Cc - 
~~ ad = 
) = 
<I i) 
Ww Wom 
-_ <I 
A LL. = 
— = 2. 
o MC. 
Li a & 
Ww — 
ond eed < m— (A 
ayays = anh 
Oo O - oi) 
troro > rae 
- < — 
QO - © oO = © re NMG 
— Ore © faN . @) ~ g w ow 
Oo © x So ~ < > © 
Oo-O=- — <@ 
Oxia © © © ee we 
= ext © <I <«m = 
ell) eth oo 2 = Pe 8) fe (reg tines 1 
Fe pee | Ee ee xO WY © and om (5 (4 qe Wj 
ony eA e 8 Pa ® fame |e = Aca io Oe Or 
NN > ken! Cc = =z or Se) > i Hi a atom li eo 
~ = KD } «© WO e oc mo <q 1 Lu a8. — eet + 
> ~~ — om eo CT) me LU ~~ OF 1) Vas ~~ UW — br == = Zw tou 
amijm el eQ me om et ~~ ~ fas) % ond a x > WETES) — Swi. O 
AFF OZOLl > a oo ~ bd —_ Sg =—J © ~ " ff —p- J <I he 
NIN dIZaZraet wo a= o =~ > * N= On a <> ] Zz fata. ow 
OaOad eq e 42a Nee oo - ' WN — 0 > > > > un > as CXYtHIt oY 
_ _ BOM es ost YW CM Zwy oad WA ® (ty aw me ST J one! am QA f€Cwewd 
Tz Ow Ow Qt | — 1 Oa Taw a 2) © BE oe T fe Ge) WJ A 4. 4. -er a ual” © onl ocieaadl © 
OO Ww Or MMe eee “QS eWa © aVY = o We NHNY) MWY) wav WY) Lj om ot > 
a a | Zw Owl LI ee ee , ot my aa emer NS CcCe=mK ZHNOO OO 24a Oo LAN SZHedwWH 
xx TOS WwW —CaOodooisjiowd rere | A> SANS KAT MIDK OoNN Dan emt ™>DOWMWY) Fi =O Oar ex 
HtwowwOoOD Teles ee ee ee Tiley i STN be DTT haty <> lew fat awww wef DOO fp OO mw TX I! 
Kem FPO Za AVIA) UL) mom od wd md CE tome = Yom II mH iWme —- Hh rn FeO WN COON NA = SS = DZWNY) = <b 
OUOU sO mel Re KC > He XK > CE A CUAMAOUAOHrAaA OU MOOAOR OZ SX> li ee Omwwe Ie Om COLO i =z 
MMM km LH tt DN oe PNY eet NI EN EEE NL ESTER Nee TS Wee Se OODAD> Ca WWwa oJ i} — 


2a 2S LE OR NN eww Bw OOXM> HW New Swern) ia a ea ie a lk eH OR OLE NE OO le Ob a a) od a) 
=m Om OO OW 2a Rr PUL eH Mm lee Lae Ome re ue Oe OL eRe Oe iL Oe re Oil Ix > MONO OWWLOoWws MWCO Oa 
SS mL nt ret nt et ns peeeg bat fret eg Ke amg tt Ot > bs bet DD TE Se se CD I DD et OK YD St 9 KE DO es ee > OL) KE > OW Wr =O Oe Je 


=i vel 
oO —_ oo SKSIHHAO + CW Ww NN (ey S ©] paak © Le >) od 
oe oa) 0 CAENN™N NWN WN rat =r) = TTNw ve) we) 

rreorr st ~ a a rr Ng ~ J 


208 


CG uw en 
Ww oc ft FX J _ Om 
were eC I N OO ww = —Y, 
C= =) a — a cd (CS >C + 
- wa - Om HO OH *% 2z2aA— 
Ce i Wek a ce W —™Y) ot 
~Odgt ry TC - -—- — + om eo 
CQ. = he * + —~) GT 9 
“Oo2 C¢ Ces -— — % mm om >C 
ajHwa fe MOM A AN fe rsa 
YO SC wt St SK me, = eS <I 
NwaA GC <I a A A <I (o> 5 
Oo AAaABZNde FY FF — = <f Lit cy # 
2 Orn aAO GO OM ae N ~ ThA 
- a ee Uu ££ —_ =~ ~ = <I + 
Ed NMOWAOWN N N AI = -F— 
_ w—LTOogc?e UW jena a: a) mT 
a OL Hp <T i a is me? — — a Wee 
= ead UW me Fe t | | — Ow N 
LLj Se Oa Oat am amy = cH > | we 
= wa AZ ~ Ww - - = ~ IUx« — 
~ (oC) aedieel °S Cc NO AR NN a ZY = -~ 
VY) ema C WwW ————_— em aa = of Us N = a) 
a5; MO— JAWMNT NO ae aA Kt MH a IU. <f - LL 
a. OamnD> ere ww aa ao é ¥ Ous _ oO - CO 
”) 52 Wf tar 1 oO “OL - - oe ra 
CS NewJjOe~Uu. GM ~~ =~ =— 4 + <I NJ + — ~ 
- - ~C Ae CO FO Ft NN *& ar —- a> Y aay -— oO 
=  I— De em oon a en ©) N UU + = oom 6) aa) Y (Ga) 
~ as ~C) am W MWAZ MN MO MO t Sa “mun nel ae tom _ 
-—- -— + r= ANWwWZeMWwea aA a OG = rl ~ OA — O=— C— onl om, 
20 ZO ~AZeZre Za~-~—- - AN Ja eI > « Ua bm FO ——~ NHN 
mC mC) oO WO eet tomaI>OC ek ££ HB mm KHKQANm MI en — ~ = Ls = ed 
Ow Gay od Cee Odom PM FE RMN EW wm —O UW) = LL Or Ow Ow OO an 
Om Onw CA oO LUI CNS LL be mm Oe ee Det et pa >< —_ Own Or Xr VY) 
m= om et mee Oe ZOKU AN OH SH KAM M + IL me TOK Wy Om ~— Wi) CC — 
ON mee eT ee Oe TL Aerw~worducK ~—~ ~ CTU aaa ance CO mm col O~- zrtm OC ZS 
aru eeu erm as ie Che ae es taAganaA+ + + Li COLL <i aw uj @ © LNA ~+ WO WwW e 
ten? © coal en ke? Goel en 8S) ee OW e OF A @Q“a me do tm eee Gu. ee LJ me CI CI LLjemes | UW —-~— my 
HAMNHaWnWaog = Ue © ee a 4 | ammo mit tH Om~le 2z— WLW mF Z2-c ous 
OL aed 9 OL ed IO I Co 20 e& aE ANY TS ZIM FT mOmataN © ell eu mi (rd eri © 
<{ II < Il <[ bm ; <I oem LL LULU Ct tee ew OKT CO ON K~ Hee > HOD Oe p— ome + HE 
ie te CWaAs m={WYm JT T2ia~a~-~—— ANNAN HW Ha mS Wma DWN emo Set Ho DN WW 
De lZonrsZue= OZLA Freee ANH NAR NOM HIS den nm nwa —-Of2Lea CO2ZW il LU po OC Oe ee OY OZM ell -— 
DAD mt FD et DL OC UL OAaNAMAHTAAA~RAINMD OS £2 CO LS et CO rt tat peg fee TS) etme fe US ma i 
~<~C —~O ~IreO (26> x were | Hd eee <Z2ezwa dtr © OR ado ww Sem OfTd— z= =— 
C<aiaodC ise €or — Ata fw wesw Wadkawia DOm™WUS WZ arm WUC OU et es ~-™HhuUuOuw 
CiIimO m= CUO W WO AamaondodDorAaadcwW UWOoroatla tw NO ZO tet 5 OL  ) LI MNOS ee et C5 
— SH — eo 
Le ©) © a2 CS a NN FS 
o ef C3 


_t 


OUVUOUOUOO 


209 


za am 
— ‘ae 
Q. oe 
= = 
LJ i] 
b~ ~_ 
Ld > 
zm - 
we (C a 
QO we = wae? 
COZ ae 
Om) —_ 
TIA p- og _ 
Uy =.  @ 
Muse Us —-— e 
b= 9 ee OC 
WwW em we HN 
Ae ee Oa ol 
m OO em w(t) 
p— ot CY om =e 
QNWIN ZW Zee 
CZ ~a~-ada 
S2wWwlC DOs = 
fo o> ed @ de * 
aT ne oe eens O) Ooi an ) 4 
WMCmAeerecuu uy 
Ss AMS 


LATES THE CROSS PRODUCT 
AL VECTORS 


U 
N 


DMX aAceidZ 
CZ2e<i We ia 
Cc Ud om om om) 
cz ANIMH OC 
p= = te 


OW 


oN o 

omel oe eS 

CO) ae os ti oS 

— Yom OC LL “wu << 
2>O~ Os uw fe & 
z2a> oe OC Ww = 
“VIF Ov e erm} OM WE 


COMDINTOxiN Od One o 


o “OW = ort eco eT ~~ > ome 

me = ALL LU ONO oO = = ere Ae 

Tt eomtT 0 eo eK LLU ail } 

A oY ee NOWNMU ST Ue ee Cie 
efTIDe Hen enston OCLTe COOW ea 

Tew OO lhe LNLO om Sh Mt © ew ew O&O omieiet OC eH 

be x OOK Sete ed em M8 Cmte et ILL LL Comte = 
Wi <u ell eNllie UWaymeenee ®@ ee afl o a 
Lee olde se SAWS = IOHOCOCOO «MMM oe @ om. 


KID Kt a HIE MOU tet HHI AINA ©><C LL Os 
eSTuU Ome wt oe PLULUL UL LLilLh eteteie TA o —“ ie 
— Te OC ett AQ COM> ex fe we ew mw ew 8 & ome eB LO 
We OSe Ajewmewe NOZTYNON KKK Ke wwe YY olfir o = 
Owes & est Sm > ile eFDWGNN OF Ome te MIL 
JWI KU Se SU ee WO iS estat atest etANiG fl em ~~ a 
TOAWOMH I S>EUKN—KOWe Feo eowewesr iii pee ad ot 
Z=WM Oe eMTWOWKSUtmewee coe eed LL mt eo 
ze od > Oe COM> OP 0 odetmende dZ2ZzzZuortrie eo - 
CiFteeflieO>e OFrmagewnMTazZToodZeax« of oa 
CHL 2& =-Ajle ew © eO™NZLAI vee wot Ch, me SS tet at et CA) 4LU e 
eOaMiWMxXe eXAIM 02027 eID bebe LLIN oe - 
INC eOLON ae<MHO> 20 OSSZADO wee MN aed OC LU 
kK © ores NK KNNL OS oe OO WWM SCMe ALWYN 
Wk <The me OQ © mma Bb Ke ere HL OOOW ZZ TUCW 
COU bo ew FD BOD wet Om i SL JOO Oecd f© OL 
POU OHM e.O 0 Ce we mT YY) mt (D909 cw 9 *€ wad ©) 
I> Oe IN CNN HO or BQN ZZZNNNWNN ZO 
ale oma T esiQeHnsMS © eo COOdM KAI ee OeWAe YB 
WOW <OOWsL Dames AC WLU MI GOL LL dd eo <f 
QwIDIODS>I (slats HW be eee >> >O>> ee OU 
IQOAEAN wet © COOK OMORF OULU Me YX IWNS 
AN OWE Ute hl ew ew Lemme et OUOUIUIWILUUW el WW <d Jeep 
MHRMCwe whtie HTheWM2AO eae IW YIM™NNMNKNMOdCAe 
Wi ee eotet f= OP BEOHADQVWIMOMNOMOMONOOOCVOOwWw 
ZQOTHS XK ele AMKMNWNTODMODOOCOOCOnCOUNIT> 
m=O} ows Se O= Alea lf) ot omde CQOe ee we we @ e NeW e & @ @ @ 
—_— wm a= {| SS ©8O>Ow we® ewe © we Oe © ew eo BO Oe fF ow 


DZ> eRe PERO Mm meh Ke wm DEK KK OK OK EK KOZ 
OOTWMAIE REZ MW IAN KK MN NNN In NIN Wer 
Se Cee ee ae ee tS tan 


CO Sy eh Ome) a et Be OS tet 


ee POO <eme e RNeN NUe 
MO> ZmlLe Meee HZEUOTBUNNVNNARVRRWAL DA WAR WAT W 


~_ a) ©) 
Oo oO 
Wn Fa) 


210 


START »XENC,YVYEND, IR) 
ND(1) 


~~ a 


pe me me om om e e(f>e¢ 
CHNOAITMMMOA & 
ST ee ee te eee e elm 
= e eth— 
Valo dle Qa Me Me Gal aaneel 
<M WWW oe | Ob 
Opt mt ee et OY 
ACA AM © eaf 
Waereaowr IimMoe 
Ladd e|} “Y 
mW ee & o> 
STL Leese |] 
ANNNNA I OD e 
weet elo @ of) 
FS ea 
~ oO mo Om co CO) Nb 
EMMMMMN\ max 


a od od a) I SEM 


We Ree rE COW Neen 
Zt et et ee SO OZ 
wi ee oe ee ye ee ee 

x <r <n eee ee ee ee D> ee pee 
S¥evysX> HEE aHaZer aa ZNAasawnm 
mY OL er ee 
Cy ed ee) ced ed me) ed ed A ed ad IN eI I TOO Od I EE I 2 I 
Odtdadaddaqdastod SS Frere SZ ome ZW I I YC 
DW Wa ae ee COMM wG gq(eQUuUOCd ce eqidod 
ACA Y AKA AAO QUGCUOX & K> VOUQQIOOUU TOYO 


Ox & HH Hc 


» YWNDOW(1),3) 


XWNDCW( 1) »YWNOOW( 1) 92) 


cn 

o 
-—4 am 
~— AJ 
-- @ 
a= 
<I = 
f= = 
e.° MO 
‘ont a8) ~-=<— 
t+ oJ 
— _> 
4 © Cr wo 
wer wer CT) (0) eer om, 
bb Ht He he 
NCA e~— 


Zeer 2 
aIxM> cc KM 
ZW i Wile 
a antaantte 2 alll andl sana 


el4, IDENT 9:ie D927) 


5e914,13,12,11),1R 
YMBOL(-1 225-3464 s0-28,TITLEL 290.9412) 


21 
SYMBOL (-1 229-3640 -28,TITTLE2,9.0% 12) 


13 CALL SYMBOL(-1 225-324 ,0.28, TI TLE390.05912) 


GO TO 21 
15 CALL SYMBOL(-1.29-3-4,0-28,TITLE5 0.9912) 


GO TO 2l 
14 CALL SYMBOL(-1.-25-3.4%,0.28s,TITLE4 9.0512) 


END 


2 


-~ 
Wa 
— WJ 
zc 
= 
~ = 
xa e 
a, — 
uu} & 
0 ea as © 
Or — 
md ( 
Z2zn 2 o 
Ou mE e 
— SF we —_ 
Y= od oe 
Ze AwO e 
LW Ww Fe 
zc a> | 
— = << on 
~— CF We oh an 
Net Oo Ww o 
eNoZzec ce MUI Pr 
< ef! >O +, = 
ome EBL OY -> za 
==> JI J z<. = > o 
we KO DD WO aWe® (i ree 
eNACG Or Wu > LJ 
s—x_—e © We WY re V7 m= 
<< emu BAZ MWY a) Y 
em COM awl pond fmt ~l om ro 
ano ga: a Be o 
azm—NZ Oe ~——_— et | ~ 
0 Y-OKawZ “Aj - *— a | 
> ee MIO F = ewer «6=—l COE al 
Few Ze WO tweeted Of <f > 
Ieaizw Cre «x oX<>AOwe <q 
Ow IE Oe Ee oper uc ~- & 
CD mt OL ew L! —m || mm = I! — 
KOO KH MML a He QIN Se + — 
uJ <UL et Pads ' Se ed aan lll | = - 
a222ai2. ee SB INN FMM Ne O 
—OODC=ANG aH DIRK NMDIWUIH Ae 
ie ar Ht e ewe |} oo eo _) il i Oo 
DMWY ad - DON tt ff et ZF om 


Oe ow nooYe Hm— OQ wow fp OU 
fo eel eel @yealenl Pavel ke Me Oe Geel eel mt ac 2d ee 
Oz = Il NASI QE Sre > Lr 


—) at bt NMOOMAAMNMNOACACIOK dae 
NAG —=—ZOAMOAAx>+>ACOOZANOE 
i “J 


UOVUOVOU 


211 


END 


LO1L),XS€11)e¢YS013) ,ICHAR(7),XY (1) 


H* ,LH. »slLH$ ,sLH=,lHe»lH / 


NS 
aa) 
© 
ae 
© 
wae o> eal Gs) 
Od o ea 
fo > oe a eO© 
eb. Can! LUO 
oe my ze x 
(a eW< Mam 
zaad WOtde+ 


ooze Dad OM Zw 
bane oat (SS et KL mt | OY) 
MY x > HOT H WX 
Ze HH ORMN Hm 


ROUTINE VPLOT(UXY,JXV»NsNDIM,NCUR, [SCALE », XL -XUs YL, 


eee a ee eee Cee 


Fg) 
* 
wr 
+ 
acu 
x< e 
oa Net 
<> ~+ 
Pee ber am OL 
PC emt ems D> > 
—) er eee ou My, 
~ Wh > {— 
aC om om DC ~—V) -~ 
Net i * > om 
Kw 2 oO oo Ot o 
= IW) N GS 1 @) & 
— > > @ > i ft ' © ¢ o 
Oz 2K amram > Ww Ww Ow 7] 
% OC MM ent ond SF @ ® HOW < x< 
me qq ww ot ol > a & 4 <_ <— 
At LNNS i " <q > & z= 
t— <x KS > c x a x< <= 
eC ae e eee < > tot te be ny, 
WO le OtdI0wd HAOQMHOHHOO Set Medte 
ZNNZ © ee © ww oF ewww 0 0 Ort | Od |] 
- = eo Hmmm YO YFONnNOOCO em eon 
ond er ee ode et OES OOK] OK 8 Om Naw tin eo 


>> 1 $e + MMDMDW It W-- GD HEWN IMR HO”O 
A QDOND HC DK 4 a Dm bent pene ee mt LS IL ced cad CO OK OF bt > ed 

+73 mt tee ere FKL Cue OTe 0 Om Ot > Cl 
MNS IQ PKK TAWA EEE! HO Il emp 


~ @) 
— 
ac 
<{ 
a a 
=) 
— 
oO W 
© =~ 
| x 
oO <I 
oO > 
od — 
OO © 


cad OF oe Lae Lael? OE @) 
Uy mm) © e ot) ec 
a wtht CLL et eC 
—i WwW ozcHH e 
a ee Ce) el RP Lael aoe 

“Awow J 
Qed OF iw e 
TOOor--OOrF 


Cw Xe Il 


Fa) 
Ww e 
O ee 
od * 
<P fe 
a < 
> ~ 
m~, ae 
—_~ WA om 
a CI wd 
> eto od 
= ” YY OC 
C= -— ON Ox ond 
Oz ~— ft - I " Oo 
a= Nat amt «eH 
% © <> 1 OK Il he - 
md” 1 bm >< 4. 
Ae am Ope om pet fe 1 C) 
ec i~ odemt OU ew Oo 
O «I NRA xR OO 
=z ix 2 mS Mt J er rt t(D 
oe NA e —w @©@ © of © om 
aA DTW REE WORE OC 
we ol mt Ode eit ec 
> rm m+ +> © © 0 eM © ew 


NX XS X>O> >> OZ 
IN + MMOH See be 
NNH ON 1A0A0 1A 


Ws Li ef mt tome Mot OFDM EO WK KK ok em OK OK D> D> HC De HE DO SF met Sh et ZS ed sd nt Dm nd tt HN SE mt BY Se et tet OK tee 
<> Ke wwwn ZS Wm We wee wee ee ht 


2D IWMI EBL LNW ENON tet OO a OOO LL Oi RP UL ECW EOQW Aa KrOOUULULOULNO Nem UOOMMOALLLLLOLLUL 
DP) CO OO) dE WC D> pe et HK De DF et at et tas eee Pat (_) aC beet Sm tet BC wm tet bmg CD) HK Cm CL. Ot A CC tt emt me > met eet 3 ED teat mt et pong Ot Oat tees Oot fd re 
| 


HIN S °) = 
aT aa) + > 5 


od LN 
, i ‘ool @) 
wl nee all 


212 


%y2C (SHtKRKK), 2HEX) 
)»y2Ht*/1LPELb6.2; LOELC e2) 


T),(IGRIDCT),T=l,191),YSCI1) 


O 134 


ICHAR(5) 


X )=ICHAR (JC) 
(IGRID(1),1=1,1601) 


E.4)GO TO 146 


‘'g (XSC1),FT=1,11) 


OTSOOLWEHO ti xMuU we Oe weae ees] 
mn De oer OOO ee 0 OL LL LW 


REPRESENTATIVE DATA 
FIRST TwO FACES OF AIRCRAFT CARRIER 


QDOOOSGaGINACOC GOCUMIGogcocooceocecauceaaae coc 
eoeevseee3#2n5»re @@t#eeteeern»neerteerkeeeeteee#eenreee#teeeee e 
a Te i ee ee ee ee ee ee 
Volral'alvallalalal'al'al'alal'al'al alal al alal' al altal al alval altal al alral alrelalalralralrs 


OC OW VCCWNEOGCOROEING WUE OE NOE OC OCMMCO CCU 
ec®eeeeereeervreereereeevneeereeeeee ee eee ee © @ @ 
DEW AAIATAMNSTWIIMY NM AHOMOMMAMNQUCWINSE FTDONNOE SIO 
yr TOMMOECOTOS YD AMNMOM LOO HG qsnAnqaancl 
i | mt} | t “+ jay | 

if ! ' 


Sasa SI =a 


OCWwTOOGE SOOO OWMNMMNMOMIUCAQWCS COWS MOOG LC SOC OCS 
eoeeee#kesrek#ee#eeeee#seeek#ee%e*#eeoee#eeeeteeseeete ee 
COCOWNAE DWCNUMGNDWE DOMNGCWIDONTY OO OCOOPr—msryhen~~m asa 
LA DWV OF A NAINUVIAIN DDO DO OUVIAS PH MOAR FOHO LSS 
COO LIT OMHOOMANTOANE CKFEDMCOOCOOOOMM 

sat 4 a = = —_ a ed eel 


C32aew 
e@®ee¢@ 
sell Sool © bE @ 2 
LAL 


asc 
ee @¢ @ 
NOON! 
DD == 
4a 


tk EY a 
eeee 
rrr st 
cee O° 
OOO O 


25 


COMPUTER PROGRAM FOR THE SDS-9390 


ON 

i qd ET 
CT) wee (YF 
— (> oo 
>Or 

> a Ue a) 
m=) 1) sme 
‘3 Cg aya | 
ap a 5 
~ &® 
omg come (> 
Itz 
Oo el 
~~ 
qq == 
ke oc oY 
UY De 
Le © 
hm <I CO) 
os 
Y eQlemmw(D 
On et 
eI>—- IO 


OVAYEND(8C) 


TO -— 


qotow Xe 
ZNSE EM 
z= *CMmad 
<UL <Ibh= <The o 
COLL mb mom 
aD eNneam™m 
<I Ni—= o> 4 oO 
j= eC & OK 
Cape ae aor 
COLL HUNG ~~ LJ 
aD Nr>s 
I>Owr~w<e XY 
T= emUr YC 
ol Ve > on -Ge Be Are 4 
al 0 eat 
WI Yee ew~D 
NS CALNMY < 
COW <f ww MUI LL 
wh. > WOw 
Qe ae ee 
MmamOC OW W 
A ee ee bt tet Lf od 
ZaomMNMN Ndda 
Da 2e eae 


io an ee 
Ihr CO 
ty <I 
mal >< 
Cre ey N> 


NUH 


O”N> HOW Puig mreQAre dota 
Yuet OD=ODOCOns2ataQqnD 
ee = 8 eee 


oe (a 


Mus lui 


(NL INES sXSTARTsYSTART, XENDye YEND ) 
9) 
-W 
ZC 


DENS Sane SE 
SWITCH 4)9,3 

? 

H 

S 


xe 
Wup-qeure 
Nmamy 


Feo ede OM ie eo eo oe 


Sweet koODrod Ss Se Jee) oo) ee SUI oe 

Cee G&L NOM Oaaudede de queogqquwwOoOooOoZz 

CPSecowL ZZOxCovuvVoooovov0 "A082 OuW0W 
4 


od 


al 


aa) UVOO OD 
— 


— wot 

(we om LL ! 

“NJ Tw we 

>Owr x =) 

za a. © 

QWAZS UW LW LW 

Mica Wie ec 

eOrm- © © 

e © ell > - 

peng ome om pee LL OY 

rCyyraoda Y 

Q. ow SIN LL 

eS OQ IM me Y) —_ 

Ie MOK. <I Lil Mw 

mM KOM WL) ze ~ 

wae eZoaeaw bot -~ 

GeOOZ2 an ~ 

ee CL > 4 
—~ «es eo Oa ‘af 
Ge tRKree Or - 
WA eM eC QO <{f _ 
WO. LL me OL mt et cs =. ~ 
72 ea> DD Fe =! (35 ae —_ 
ag FS Pe benef an. ¢ < % CG 

aeYIC LL O auM -_ Om 
—-= eY ~ (ene) =, CO 
At un ml 2 — — eo = 
JO Oa <a. WLU oO ~) WY 
hm «2 oD az =. a nom 
<_<Ne= OF LiL Lid ~N 2 — 
Ok eMWW OY > a Oo bh -_— © > 
etl +L =D) me _) = de = ad 
ZOOL Ne & SS — om oe pm= om a. 
Ad>— Wik wr — QO fe me 
Mo ees OO Lu — CO Cy ree a. 
—>6 MAN ws - Mm oOo om tl 
at et CL, OY Oo BeEeka Oo rT Lo = 
Omtoreocw uJ e—- 2 a WO 2a & 
ON OZDWG Ym & CC - 2) r= ™O + 
MUAY Zero lle OZ xr MH INnwn 
Wii = AWD eS em “WM ANS ST ii om Til om 


=YOONAOD Sia wow Il met ye I LQ I 

Re Nwe me SSM Hw SS TSE DOS DSN 

DE PY LOL at OO mrt 6 IO Ee LOOP — 
ac 


CoOonan2ze-ile ~~ MOO a8 eee ee So 
Cz Sw BANA NannGHetorwan— » 
Os ws. nl aes co = CZ NZOM FOr 
a IwcQw OwOOGCOO=OdtOZ@ZwW 
MWO>Q Ore O0OLt OH OOmMOOOUMCCAWME 
= 
~ aN] ron Jt uN 


UUW 


214 


— 
~ OO 
aren] — Ob @) 
oe ee x Ge NZ > 
(T\ fs at I we 
a een aes <& 
= Co < ea2eikZ2 - 
= — > t+ aOooe 2a 
ee oe: ad e Gs | OWA 
Se - © fy SS WD Gee 
- & <I Z < e Wins & D> =e 
— 2. oeee ~Netw CG aum 
Isto bh UWS bie CO 
Qem vs \— | zeker Zia TN 
at— LI iq Nw WM Ww 
<I~o x e 79 AOU EO OL 
— < = Ox 60. So) S24 ae woe 
Us OCU oa st > Ga > tbh Cue <i 
= phe . Wier wnZza wo 
pe ee LL SCwrwsDoO wn >Oe 
atom lL ” 72 DOr, Te UO 
mT TA he me ONE GY ww f<l 
Wane ° HOOD OY LHe 
Ow fn LL mee (OQ Sk OC 
o Jee be LI ° ZS ZVotyvy WW To -=>a 
Ike aK ™M NJ mC F< A i = Danio Fen po a hm J 
TNA de eeeeee Patete we = (Sake “AOWAD ewe 
= e=nwe UL rm OUI Oe Oh iL OO 
<I Lb pie Dat e 2 LOCCOCCHEE CuU To SKIL 
C2 UL, CrameaiGey oe <I LILI be bem pee be be be COCKE NRE Zo bags & Pa >. 
QOG ay ee IY Se 2c eZee WreWudt Ye Or WwW GREY 
<™N e232 <I eave lr CB + UU 
hr eee LI COLL e >>>oS WUMue Za Cae 
Wi te WY Lj <{ A> => eeu WJ oJ Oe 
Cu eZ o = moerOOOwWY ud MAC 
el tuZz<t > ZUuUuUuUdtuuubu wu Md DOMKO TQ 
me <I> eM ey - —BOOCOCO=—Caeyw Gane CC Wado 
= Ge ed ood oo Oat Wwe) VL & 
TaANaA>D ex O2ZZ22222-0r- ISU YW WT 
Ja era WACCTOCZwelOwsryde Of} Wenner 
SAIOorta> LA tt pe tot YO OL COM Tus AC 
>nOTU me ON el ee oll ond — > een > Me kk © Rapa] ee ee | 
Gur! YW) bm ed el ed cf I ds Bh Se (9a 
Lad bbe NWO Ler Ree eee mdm aOR eb OWIZWO 
Z2Oonegvwae a SwWCcoeeccoccCwOaaOWOC Sa wZaZtd-eZ 
MAM OOMY amici cer raensze >a Toe eaze2uxwtDeSo 2a 
bm NL see tet et pet CY _— SMM Ow 
Pd 8 AY 9 (DE IEL m— > aAUUWdId aos 
Co ey en eae ee aw<q dq@qai> 42W” WTOacw = “NY 
be ae dee 0 —aJITdIt Fe F FD whew Su awteae 
CO & UW aaa Gap oe ME > eee © a ee Wy 8 Ee re ee ES ae ame 
St tweeotIIYIDT Ia mm UOW Ck Toei 
Si) ee cater oar ack Pahl KON Gere CE OUD 


BVUUOUOVUOOOQOOU UG OVO VOU UOOVUOOOD OOD OU ODU OOO O00 YU 


ee, 

~ s 

- aad - 

+ + 2 

o a ~ 

t — _— 

fe ae = o=_ 
hs < od < »< 
<I x - x (a 
= be O = - 
= < UW <a <f 
<{ =. t 2. = 
O a. — as 2 
_ —- * 7) 3 + 
Se ft teirtD aN) we 
e- e CY XU od xv 
us > ft rere O bk he 
CO; Va exe OVO WO OO 
- = amy UM | re ve 
fw Ur eH + + 
se domnd o- om em om ot ~ -_ 
QqQ > N<Il caHeiet o N aa) 
| { = ee et™X e wh o 
<= = Ie NO bot mmet 
~ ~oO te OD) — — 
—— EC ««K KOR ~ bk » 
aI > pele Ge ae ao a o & 
= F Zr DeR RIO ke LUO 
be =) —dIodadzouw aq Ow < 
Se YFtC2TSTemy FF my = 
eS Trew Crt eO LT co) 
‘aah I =— TNH Hn Hon " oak 7a) i 
<. -_ be OC LL om ae em ae «= ~~ en, -~ 
frm CO) one deat Duyn Guim 
<I * « me CoO ee ew ew ela ew em ULL ee 


meat <l YOMANCYS emi ene 
a | co. > eT | ee Oe 
(aM oneal Seneen > @ © @ alan f » @-meen Baa. 


<NnNILt SM2YAAON OOM & 
SAAS Or Oe eee eRe > ONE EN SS 
a Fill ijHtokeddaddetr cde~r <A 


ALCQGUnWwK IAI 222240060 U 204002 
See tee ee tO TOL CO 


a Aes Tt 


Z15 


on 
— 
< 
=z 
z az 
Oo S 
Rts] =- 
pao = 
< <q 
o~ om - -_ 
ho Dew | © © 
_~ © © ac fa 4 
—") tmnt toes 
owe ee 4 > 
em ee oe 
ww << > 4 «< 
—-EE oe 
Bt) ae > tf 
zOoO0O~— =z 
- — a ah 4 uJ 
-~ — Ot & rT) Ve) = 
oe _ ': Sot % b= f= Li) Be LL >< 
a. H emtenap— -~ <qZz™_ ah ~ 
a xz mw ue} WO Ata oe Gx" Oo WA 
=~ Ww ome ed LA OF e WOW Ap qq «aa e WwW 
< -— ~6A ce -aOod Oa =p pb Cc fh 
aad > tars toms -- @ ©... ee € Of ‘SP « seis thee - « 
WwW mY)ww G01) LL) oo << aA Om Oma aq J 
x= = Dao Cor Zeb e DWdIdIZ 4 AMENWM - D> 
~- wT >) wie +a KX QOdO <xzO ane Tee Ta Mx |W 
- 2OWUW ~ few om ome TT eC ATE Pe) ITNTAaAMme- Fe (: 
— TU bh 9) ¢™ “ii —- «aor Ore aaaweaad aw —_- 
A +4 co coer kd oe qa ad re wHREZQKEZX OM qnm~W) 
a Qe < 39a + a heb “WwmMwu We) zv 
- Cm ameom ad = um aX wmWOO mS ne rere t+ & Ce eli) eo 
-_ {eee — wif) =) wf FP AL oO werrtrrrerti adits <a a ae a” 
tI HM < NOO~— p= ot ~a mmm 248046 FHM Nde Zz oe) OP) 
= wow =z OAaAawn TC pow LL ee «qa gf wt Z aod aed OO WOO EZ — >¢ p— oon 
—_ ap b= pf = AMMO -ZeZD Om e TIKW-TZIO=@aA dQ QWETEOZIWOa <qxv“Ore eo 
cr >ada © Wm oa. C=-Oa Cc QAaada Tz MNWONOOWWoOWWDOM} e @ @ =r Od oc 
Oo 2tzrz ec ¢c aoown <<< ox Owed od ad Ee LULU a HR be IO OCR, Cage m 
— Eee ~_ ° Onna LU. EMU pe ot QQwWwWoo-Oddaddanh nna k nw en eT CercOe 
ze Weare NO f m—©@ a2 {ax Qo VQewQ Owwe 426 T2 ST Ore me eee ee wm eS Iana 
pm 10) os SO rs HN o8 mer ber ie | W NM add OF OF Zww LW ATT EZ HUM HNO HN OM FS meg Ww A O#D 
qa e>il 4 <q om eo eT Ze MtDO oto OSM ODAdadadmeereerereereereer ce Ze Uae 
Ub ot mmm te pe et et ee Dae ber bee | —OnSY TAA” OMWQU OUI VQ AHH NNN MMM am FT = CN IFO 
DO ree ees TE OK = OO hh www ww fan ot Ofer Cot O= b= MH MOH H SOON) ww wwwwww Wh came? ease ene’ fee pone oes (5 et b= 
ZO et te eer Ob FO) 91 > + HNN Z DYATACS ohh HATH HZ AM WM OH KC OO OO Oo st OK OC TZ IAT oll & 
— Perl > lh ee Oo #-977 OCOOVOR Oe oS tae taTid di TORCH Aaeeaertareere axerawr O2eand i 
m= JOOAGAOAOAdTEUOwPrFAO DH NOOO AoOS> ‘Pe .- @ -O-e 1 > @ CQ. OW 0. frm be bee pm fF pm fe be fh tb fa ee “aouda 
Za TIETAIi¢riiwad NM tram NWHNNEO ox Ob To LL el gf -e &® & fe ¢ @ ¢€ € ¢-¢ Gae ¢€ ¢-d je) foaP & — OL 
On CWwwiH Hn COONMMVTOOOCOWZ awd tet Oo wwf OM oou;$§ WWE EEREDRERARIIESZAWS pa J awe Qe and bed 
WU meee I COUCOO MM IOCOOC A&W MAG m= {DO OMNUMN WM ol aod aed al? Sh ° Se Me As ae Me Go Ao aple Me Ga Ge GES AO — «{ 
wm 0 co | 


WOOO WO OW 


216 


<< 


SY 
LJ 
il a) 
oma © 
Ah 
<a 
Oz 
wat 
IT <I <{ 
— 8 Sea 
8) Qa. & 
— <I aa ol 
-— <{ <{ 
USCA aIadIown 


at moa 
feuisue (aol 
== TS 
WUTV ee raree 
RR Re 
l+a+i1 <4 
ide Fast 


mr WgaO Ss 
WLIW OES <I 
MOOuUs UIC 
MH bm 


Wert TOK K AK THEK 


mney AXLOODTAMIENMTE Add 
Joe J J I LOOSE 


TrrwK—-FTtOoe Ae wwes Ss quiwy 
MNOAODDMAWWOOmad 
wd wed ee TI HHH I RE NNN 
TIeT WICK OMCdIaIenn dt unn ut 


O0Oadatiaisas 


moet ZY QDMA KI cIcf wm wm we wmwnnwnwnnene hr ee 


aM CNY 


hon netaei th i > WK > DE OK OOK OK mt >> oo 
Ati dS ZOCHNGTeY¥aervrrwrtary aaa 
oe Ol OT od coal oat coed aul cael anal weal oath en) ell aoe aoe) 
2222adCqacaqded Add} 


“ac OTTO 
QBN NOWMO 


eo @ @ 
nou a 


roa 7 a> i> iP TT LT eee 
HCNwmww ZN BEE LA CANON ANIM SF me 


BIO O GD MARANA VO Otome ST St 
— WWM UBD ONNS ww www wee ww ww ff wm 


ere old PRA SPees2e222082 Baz 
cdl aol aoe gael ® A? Sad 4a 4a Sle de Aue Ste Gi Gre die ae ie aoe) 


— 


DA et) om et ot ome 
Oz “UU UVUEN™) oe 
XW emedetest & > 
(o> = td mt pC 
~—=—OC COC Gz 
NOGA VKOO0¢ ui 


- Co 
va) 
—_ 


3 
( 


RIMV( 3), 
O3SP0S(12) 
- 


aNySUBRIL» 
M 
p 


~ eclw_ jJ ew (lS 
wt Ce of om oe LL 
SuUWYaA om 
Core Ma Le 
Oe &— TAD EY 


F 

T 

I 

) 

A 

D 
BBeEC3 PS LSTONT (SC) 


~*~ ef) © oS emw = 6. 
>> OWN ee “ams 
Toy ewe en OD wel 
CYA PLOKANS ewe 


LMNAEN <{ wwe wr ee Iw 


AOE eer UM Ie 


~O eOmme OOOO 
22M eM™M7 eM 
LU om De LL me 
> lLILL MO om ocr 
IT OWA Oo ]=~ Or 
WO ODO eANDAONMZ 
OUT ewe YZ eo 
OMA > O& Cmte) io 
YM *jyDaqdtYvyameO 
We SOE ewe 
Cant rw~nzrudagyn 
TO <i Me - CY 
Llipne Lil oe = 
ZNOKZe2SZSZZZVU 
=> NO COOOOO 
Pm ree et Ft teed tet td tees CY 
Dr&H Sl PrN NNN Ww 
GCMmeawazczaca 
Oe SE Bw WwW 
CK BwWEADELAeE 
od S) ne) bat tg Oe fread OD teed ted 7 
WMeMOPSPAaCA0gRlO= 
— = 


OW Ta) 
— <J WJ —_—- & 
< LL > woo > 
aw I< me LL 
Sqxv— TT war cae 
bet OT my Oke L 
bh <t }— a FO < e 
OtC<—_ — x eae s C* 
ee ee eC Mm A 
Agar Lwt &-&CrKr « Li 
KWOe ZO Oe fir om 
WeW =O YW = FW 
2aOeew Rw ZO Ff 
Ot <Z Li = Zwie Wt << 
— wWwOCW ma Ww = > x 
Jowett Olt OZ & 
=m JU OY oe ee ee 7 
C=C DX b a LL 
a F> 2M We ane 
LL! pou Ora Wwe ww 
reo te be WY i 
zi Fn et F-& Dao &- 
We <Inxnm L>< om) 
Ce NNT = OC Lith WwW 
WwW 25S bh &£ &—- @D Fa) 
UWwst OO D>OZ ay ae) 
wa ww Sue D> HE 
mt ot OM ZO aeow 
Oem =—=—e FTOA Zar 
~DO2Z m— J —j 
OS ep me gl Gn 1a au ZCYnos 
SY—Sean,CCfl” Ont = 
gq JC) —au0O OO Ye 
YDwwWO WwW IQqoad> 
WMNOd€daw WYwWe Wika e 
la os Oo O- Ae ID 
2Wm Ute 2 WWE 
DUEZzZOe- YWOQ— New) W 
PG a aa P| os eran To WE - Gaal vO 
Z2qtiwWw ZOoODa wWeKu Ze 


wn Soy mT O rots LL) <f 
rceC eMNMANTL = FD! 
ere 2us ce Fs NOSMNE ADS 
ime ies led Two 
Ned WE CMWO GEE NS 
—COd Fe Da 2 YF DO 
®~=>AZAqlhoTtuwwOounod 
ZY Oa ZOD ON DR ei OMO 


OULD OO OUOOOU UO VU OU UO 


“Ny, 


-~ a] 
+ AJ as) 
=a o SE, 
< —_ = 
! ~~ (5 
AJ > me 
m7 < a Gi 
¥ CC (a = 
© i t& a 
< & <{ ej 
t — e 55) 
oO WM er | 5 
CO tw Li ~ 
+ 2 e Co: 
G) —J ry & 
=< ji AJ —? 
+ x ~ = 
— zt N 
Mm =_ (ae ceed = 
+t a fae > 
CS 2 © <q 
< it e - Ue =x 
tt 3&Ccs e -~ — fe 
om ad WO Co eC <f 
—_ Ce il - eo -_ 
A NTs = ao a 
Zz aam a <I © 
Oo aw AI coal erm =< 
OO <> — +> —_ & <{ 
- CFs > ad md Pog e 
N Few < = o~ ~ ro a) = 
Om 2re fo @ < — > i xa) © rap) 
e Op oO w ~~ F-oW we <I — pa | a) 
SS MN> <I z awn > < C — 
I de fl Cc - — Fwd = Ae fees — ° © 
- WMO —_ — Oa nwt 2 amd a a ej b= 
ss mwacjil WY = -——_—C ——CO lt >: = oO -—- -— CC LL 
Cc — ewe Cima ues [HO A ag Ww iW mer Y a 9 ® ©) 
- £dor Li. oO <a SY f= or = eli —- @& WO Om fF fF = ~ as) 
a ArT ~ WY _~— Lu emMYrAa Wed e om i Lhd p= ee 2 2 & cn ~ 
q Ws se> e <{ erm it O Mmé¢ he Ree ee Fk. am Z2zeleim=m§a a z — oO 
~ mel le e e©@ YY © = I AxrxwrZZa eZem ex — OO — O02. ome fet OC z~ a e@ 
CO tH dma ™ er e ~ WW Ww naowe uw Z2ZreaaOZoaoi-~, + oh aw ae whem LY a eo + WW 
Oo Ctorar wo i ~WO » well. om eee & MAE cS —— we OU WO e ad wt Oe 
~- &—eency NC eoM Lad OY © ad me —Y VSM 0 te ee el ee o- 2.0 Wwe Soe Tee RE bh oo — e 
GO Zee tl WOU ete Zeng ee LU Zz CWeell|YHZQA Fea Zn aoa AYLZUSae YS ec AD <—o& 
IFA Utomo CLL let oO oe od Oe ot, LL = Om M ilm2zwar- Il aA od N — i CAE Ore e 2awl<dt Uwae 
we SA) od OE ON tot (et eet mee b— Homey) I me ee He Diw—eHmw De AWISZeZ il — rat = ete Neath ASTD INeYe DUM 
WSN Yow Il > Oe ww ZS BO) eld! ee a ey ae Pl 2 NEY WN ZeSLNA wLOZ®W = CFHpndtIhiidege wdilae wa ew 
<a{OQadzt>o>ow il il + >a CGC r~ua aioe OY Or ew IO NW em KSA > EK =— Ow — ee He Nea WTR Ode eae 
Ne TSE Dewasgdaya e~dTtwavoxryDe JD [oan | ee Pale oe ee) ee) od | on a ee (oS oe I Me ood © 4 od ood ool Poe 2G) a8) ed ee 
—=—+$ ZAWIMOWSY AOE Oo ew CeSZae OrFANOAACO YW whe Z2e CAs MO NOSE eeciien tOmsc ~~ Ze~ 


aw Oo I= OOUGOU ae ww PYOaUuUuOdqWwO<dTii AHOquiaAeodoudoawoatnwrwwo 7OwrmanMmadadtucatdDTOOuconats 
KFaztaIrOOUnnodaae NO L= Oe COs OZO— =a UO ec cCOd de ND = Zr b— ad em ot tt OO 
[ ome) ==] -=] 
= ~ Oo @ 4 ~N Vn <——T aA AN oO . ©) 
ae | a} —~eiemd ond ey, fy ae) ~ 


218 


ee 

Be ey) 
pom (_, bom 

| ee fae ce 
eat Ol Cc -— 
amen TR 
iat O 1 © pe ~~ 
wee OP 
Kerry MM 
a ~ J 
WHO MWY 
ei Jed oe ame 
am ~ col — 
wer ™ OZOH OA Ww OOD 
~~ > retin & Zi aaZw 
aqdapaihcaopyo Oma 
OO eee Oe EE CNE eE OD 
arr gze-eo eX Cm il Pag ees 
“adauwdacaqoultlnocacw 
et mt ed et DD Ld ed PCO LI 


B,Jr,ll)=! 


<< SF 0 P= 5c G 
no Mm mM mM mM t 


er Ww 
— = t | | 
o_o Zz2z2 s+ = = 
ZW — i oO ~ ce @ 
o> x = = Prod, =< Pal 
O: is =? al tt — 
WY bee a QO. | a. | 
od 1 ot z— E— FH 
WZ _— =_ Woo WO WP 
ae I wm fer fe ee fe ee 
Oa. a ee ee oe 
an) Ce Ce oe ee Se 
<_z == Ss Nu OU FLL! 
UJ uJ seme fo — > coe fe 
WO re 2 Z~ ze = 
COU — ome Het SE et St ™ 
—Y + is = = a a 
— N A = oe UT = 
Ta] a * + Wo Wr wh © 
= <{ meen N JZ IZ iz = 
Oe -~ ~ SH TH NA MOQ HOw ~ > 
rey ~~ 37 MQ eecRe ~E ~E TE - <I «2 
x~WNT tom ~ egeam 2 2UI ZU ad (ea <r 
usar { base | _— bm mt Oot pe pe et ~ ow Jt 
a tome fad o z Za~wO~—~ Qi a4! at — ~~ <I <{ ex 
Zu ma rk Sem mC STS Ee F—- Tr — a er { WCU 
UB ed a ee Oma Colm tie WI Ue UCI me _ = Wk ) 
o<{ m+ mm Oe OrEOeO Rew ee fw =e mm HNO 9 + a et 
be -— LL OY Crt wwe wm IZZIE we ZF wz wes > wee OD UWL o ~—~Oule- Il 
MEIN ™ Hh OO Ome le ee ImPe OUe LT mo = i= 
> ol Ole Ao Oh Pee a, = a, | ed ed |? 2 MWeem 2am oO em fmf 
OOald— © eA FA fa awl ~ | —F =F oe Cane e UU = Went e 
>OQ ws ARe Ie Le YCZesZze DU OW Mu mem eI ete OT QOcim oT 
O WOO aww Gwe elm elemetQn cde ae Te 2 > ewe ew TL H emt 


OrFTOlLeas> oO CO tlO Wwa~w~Qwreli~- time tm OwdIe> Jad ~ me on | 
re te TEI OAM HM AMOK Zee Imm ew 1 Om INST IM ZAM Se OMS OIL 
We Us mere a ek OO COWL E Me ONS eae Haneda YAM ect om emt) LJ 
a CQO Rem eet He EA OK mmm mmm em m= HII KI OT RHCOOMHS eridag ae & o@ 


mH KIN HW HY) EO Ee Ee OM et Ce Here HC Ua NW tet 
te ee LW Ne wer we we DH HOLE OT HOH wea 
"UW OG tet 2un Sh 2kererr te 2SZIZZIZSSl HANK II hui wa Ce>oroscae 


aD OE Oa 0 ad ed en Onl 0 ee A > el OL CO | ORS ee Ot OO - Cer 0-8-8 ad 
Xb TWreSyrawtqtTraZzTradgegsdse WaeaaMaaCtagarkYOOFOVT YUH US Weare SD 
CSZ= Ze TS BNVNMNANKMOSZTORDTOSAS AQO™ wewyt Ka cae Ctrtse 
CMaQGOQWOUWWOUW NH WK OMe seLwoGus SVLOdWadOdOWUUL Ad Cu 
ASZre-aAa Oro CrAOrF AK OF IR RL Ee rE OC 0 DT OOO IDNs OOO 
“s ee oN SN HN 
nl N ag) Oe wr Ww 0 ~~ 
Ss Tr T ft t tf t+ tf 


SUB 


a9 


' 
wT 
ee 
—" 
a. 
= 
Lua all om 
aa § ++ 
{ — hua 
me OO 
= I< 
= CO. od ed 
zs LL W. 
omet LL == = 
Oo. i 
= | el 
Lie OW 
bh AN I< 
wae Toe wd wad 
HZ Le 
—— dal fe) Ome 
rd? Ly tm, 
=~ amy OZ Oc 
o~ aN] we Li ee 
—~4 + ip aoe Ps om be 
- 2 ~ TD eed mew >) -~ ~ —I 0 
o-~ om m oO Oo Vel een 
\ 2 fF Ze ZW =a xOOO 
om > tom lt ltt bee aed ~ i * ab eo 
ecYey Or Cr OIwd eo eat OF (oa 
ee amr AF Ake A2RZoOer woe tot () WIL = CO wW 
CC Cw St WZ we wot © > HOO uw = - 
YW &> Oo FO FO rw KO eS KX Lee NIT { { 
Z 2aqne Se ee AZFCH — wwoert wmULEN nou 
OO ACwws a im Ol em FO OL et me -~ = 
XC uag>wu YO CArWM A ACoteEO Te awe oO oO 
ai aaNet ae aOas ITO a AOKI Get o ~ 6 
ibd otenel > 4° Se eS ee | ee ~~ ww elL Qi uw om — had 
eR OM ENA NZ © HH Neth > pes ew o = 
— NAN HIN HIN Dwew Te HOM mW | Mtr IMTOO Met tO 
ph et JI Ie Ie ZS DH HON NN D SNe 
— Il <i i <— il Zi GLA KZ eT et HNI LSS 
oT be rt th OI tb OO TOOL <r COD fp LI LL CL ee ery eI OO KL 


DIA CO ZO Co. Oe OO bm CG wee i) mt rm et pees et tt pet Sed ret pet et (D> OY” Det 
= 
=a fan aa) X oe own wo 
“\ iv a uN uw We) wm uv Ww 


PUT 
EGMENTS ORIGINATING AT SPECIFIED NODE 


=W— 


2x> TORK SSW “SNK Hea I 
CWI too it I< Se eee ee ge ot 
amen] | el en ST A 

wet CL COw KS CS 
Clete OO SU Ow to 
Cy nt et fe tent Od beet bt (ht _) 


is 
© 
> 
a) 


3)-NE.C)GO TO 105 


eae te he 


> om Ne 
SLE > 


OC Ste aa <a) 
7) CO ad mt OK SD 


WY 
— 
<= Tt 
Li = x< 
= w« uw 
9 ie 
Ww © oc 
YY k- LJ 
> 
wa © 
— << —_ 
<— < 
z = 
u. © a 
oOo 27 T= = 
awa etc | 
LL re) od 1 om, 4 
CS Wes om 


LC e_Ajan S| JIC! Cc 
dant yf tee CS pee eee OF OD 
Ud OP OcLeH> Oe 
ome od CT fee ee SIO 
Lima Yai 


N 
oud 
— 


=) O 


NUMBERS 
5) 
6) 
220 


C(TPNTR#+J-2) 
N 
9 
? 


cS 

b— © 

(5 

= 

5 soo -_ 

~ Oo nm AN) 

~ Ooad > 

pad A! * "ee = 

(le o ¢ HH ee 

re met a gi, Oh aim, pa | 

aw a ANS AIMS = 

LJ —aJ MM er eM (C fo @ 

> a2 SE EwKr MOS a) 

Y fF [oa | OB Pad 

ad Ss = <a JJ OCC LL 

<I a ely Lid aod ot oIO bh e 

— LS be er eee F cy 

— e e>>>u OC Ww 

— at | wIe<T he (905 e 

Pr Ousy << S-aeare = = 2 & 

— cy oe ~ wean Ce Bea 

az oO (a © - = oN e — 

— =, — o atti tw wc a 

Ca < Ot 2 YY Ujena FO LL ~ 
re —> mw Cr Z ARICT tee ee e ~t = 
ns = oc - xe err S ete = N LL 
— t= Cla << “Qe ZSmoUCw —w (e) < Y 
9 oO — << — toe ag toe fe OY Cy OQ) e © wy mal 
UW OW owen > Orrtre 2Z ame U\ om _ - wy oa) 
Y iu am CI aS oe a Pe Fe a A — ried VY) Cee SK Se 
re WY -—-H 7D ~Xt ee =O OY © Oo ~ © = oo Cov) 
Le ae aye OF +m oe ee DD ee 4 b= ~ © me O pm OS OO JJ 
-_ b— LL em OO It CAqgoodadca2ae —-H == x <x 4 ~_— - wns SM ke X< D> 
Za — ame OY OO KOO ee eit 5 ep [a @) ge Aa oO hee tom op i t+ 
—_ Bs —_—- Oo x I *ReEDYaeYvA OO alan a Sp) —- emOF =. x | —_ = Qa ann 
oe >) ez 2 iil Oak aoetctE LZ <> <> i) “Or ae) = II WO eOANO 
So) ~ YW ~CF CO —— OOCCAKKHHW AC sil ii = vai il ~ Y xaA~O — a WY tm o& el 
zee CE XY QD = PO HOMO Hae ec ee 1 +-—— cS YY ~CZz Zz men ed Mane 2 
OTD = ani Ze — eo mm CCL IOC Oe ae >>> > >>> e La > eLL a im & za > eww.) 
pa me | 2 amr) WES) — RL. Orr eee (326: oad cond end al pe) a) wat 6 TJ OP Ww +04 me Tf J LIT 
x>O UW New ~ sme WA Oe UL 6 eon owe Wee & aaa. wes ¢ Ww — a. aoe HOe CILZ2~— 
tlh NHeLaet HSH wO WVNSweH WFSZret nwnvatLnn YONnwM WY MWY) eo +4 Kw Ou e Lule tlie AL eoxexw~nMn 
Zo eX ROLCTY tte > MWe e COCO D RMN 28 oH COO MO RM GOQQ - Aide e e—Tibe NN CC ellen COG 
OOD Oe — eT ew We ZeWOA es ARN Or FEWMNMTM VAD KHNMMIM WS eee VT AR caw pete ee ed 
mt MIS HWS, OM EE RO em DSK eB wwr "WON Tt Wem et Cm HY we BD DOOZ OX IR OO SoSaz eras z1 ~ thw il 


hoe Ose wrANenmreo L2iNarSsZhennOSZecZzZeraen Ke eK I eh ere re IE ZONANMRe SKYE ONS NC ner S2ATWN MeSH 
> UUW! 2PYNZwdOAC HS SHO ate Pp ade Zz COC HEA CFOS FOAL BHO UNH N DIM HOC OA SION SE Ne YNIDOIOF 
nw Kote St Sey eX ZaWOAkrFMSh gq AAG Tad eR 0 et Oe Od cb IS th st Wt Rm ES ID I 
aa Od OY Ywwo Wwe Ow lLi Zeer ee Vee Oe NK WOR Re Ae SeKY Yew w SIH REO 2X C XX NNS 
Io Dew GCDRPUMUL FASS DUES Z WEAK bL OQOMNC QOCQCVOMMNOOLWF DU XIMLUOOUNL OF SACU U9 aw Se 
mi te et mm ee bt 9 Ze Oe OO et te eT OO 


— Coma) 


(ap Co fan} cn - A) aa] T 
t, ie ©) C2 Ww wy uN uw 
_: i 6 oie ra re — — — 


cen 


GTH) 156,157,155 


N 
H 


Own tt U 
2tiey 
ak 797. 


Sera Sosa se Rae eae eee ee eee oo eee eS 
eet en: CG el Te eo ee ee i ee de ie ae ee ee ae ho A) od ood 4 

LL JINX Smell Lord a lea oleae eS Sn Somme oCoMe cee 
Pm Lt) et tt tet) pe eet CL) pes at et CL) CD) et met Pmt) (_) tet at tet ed gg Ome Od pm SE ts 9) HC DP LD) DC DELO) 


bee) 


we ae i Wd I 


co 
uN 
™ 


ee age PLT] 


5 


AD WW Se el I wrt Wh eww ed eg HD HI OOH OO lf Mw 
aAZaANSZAECOMLAO ACKYXK ONKSee er OWDI VOIDS I 


Oo dl 

oO Ye] 

att = 

Oo ao © 

= wu _ 

= 

a O 

cos 7) ©) 

om em om 

am m~ o 

e—~C) aN | © 

hm WO Ww 

dm HO WIN 

edie Wt el 

w~U ade =e 

Comm + <lesn OC + 

e eWenthL & ALL om 

eT a a nll: ae et 

Ud me PL] ee 
-—OxreYe=Y~ Oe 
HARV ELSNYC Asm 
—UT—Ww+E Usy 
Cum OY Ya “YY 
2 ewlWEZ— aa 
SM he Let pe 


we ell ~~) Il 


fw 

aT 

eS 

ee 

-_— 

Oo 

909 

~ Ww 
O ee 
~ Ly CY 
au 

Sy, ee 
= ai die, 
a, =i 
NCS a? beetinned 
WiC) Ora 
Ur NWS 
In WIS we 
Li. 4 m4) oO OY 
mame bl | ET 
POL om LL. Il mt 
CZHimm © © 
<ei~ i roe 
SLX Am oSZ 


TO 201 


EMP)GO 


aad ed 


KU Wet eh mete mlb Oo OLE DT AAO 
UN C9 LL mt ee CL ey tt LO Lt OD tot EB ETT AWMNNMS 


0 

0 

Ce | 

© 

— 

© 

9 

— 

WO 

a) 

= 

— 

> 

° 

eo 
Lij faa 
e GE 
> oO 
oom ae) e 
HA! WY) uu “9 
oo = Ym 9 
mm et Oo = mm iW 
ae om OF e 
ae? tee a fe Ow 
mr OD maZoe 
> > © us © WO <fLHn 
% Oe WM Usewmmeeei ww 
O@® CLC NHNOO’-O> 
aa Uy me ew oO ZZ a 
UL. UL. aad emir pe pe YY) OC 
mi tt Zz BMZZOVULZOA 
~>> > ccced cand Oomt Ot DE om pes 
le oe W eee eww OO wm 
fo We Ho & a LASS OD e/ 
MOOG O© ™ KHZzatxt ewe 
O77 OW wi oo en 


> er I 


Hn nap il 


ZDIHOrr WW HWOON 


~ 
oO 
amd 


LL UL) memes mone 
ANY X > 
pomp 
GS Cee 
NHN O 
ar SH 
> Wl LW 

q{<arTrtu so 
CHOW Sr 


FT,XRIGHT,YRIGHT, TEMP] ) 


dant Pd et med BLL, () 
ae ee ee tee fee | fa 
MN > TF 
MMO < <5 xX OE 
JI AAA Q Oe a) 
ad fo OY OO 
aaMOaO i Ia KNOD 
IH OH Www | WW 
Ha MTT Her Ww 
AaCHC OOHaI ro 
DOC OM GDOO e@ *& 
© °O eLTOCO—- 
oe of m1 0 OO 
ote 
OF OHNE # eS 
WMUWY) © er x e 
NZNZGIIANNL woe 
ete LY 
wnt Cot tet LL 
<> eb oc me Km 
HE NRKAon NH hewM 


OhwesWWoOme dt eee OAS ZO rPSZSOOZUADOKWS SOACLLBOKMKST IZOQMMMAS | OOF Le LK Heme wo 


Mw 
LVN 
—a 


uN 


sO 
=~ 


Oo 
iV a) 
=~ 


Gy 
0 
_ 


oa 


. °) 
ana 


e) 
=~ 


a 
oO 
mn 


FENN UO X ete LE OL Ona Fd 


OWS LUI wee (Qa LY ee LL Et 


a 
oO 
= 


vt 
0 
a 


0 
. °) 
_ 


CW YOY UL. U WI COLL I OL od OL a es 
pant nd DE Dm DK Spe ems eat Ot wes CD) mt CK Dm Det et BE De TL 


ee 
Ww 
od 


Zoe 


Se 
) 
NI 
-_ Cc 
a Coa 
i 
SF 
2 ee 
fe am od 
—™ = Law oe 
—«C N om + 
Bley Se, tly -~ Li OC 
Wm Han W on] ee OSE - 
Jom U'WL < a - Cs ase 
— Let OC ve _ —— m-—=za _- 
0 mer i Os ro) tome x CO 
_ ey WL ~ CO —_ & O- tt tl a = 
PY ZO oY _ 2 E93 @ - em om yw bs Sie 2) 
= zyvenwt a ie rae co | 6) (2s) 
= mx XO wom ~~ — bo OOH <4 { rt ba 
AY FONOY Y 5 > (Sa & &+ OE = Il BB 
= —xzr—-E + + 4 = ae eLlTreZz t= <> 
) Yrt oAVY — OD ao as JOSHUA OO HH 
_ SVeiLRE Za — e ‘Oe > ee re ad o — ae 
» ML Zt pp Wu GLiedtaqQ GnLlLigt ame WJ >> 
_ Kh ef WN aa WOO eZ We IIZNeZ es BE Ys Wess) 
ON Fulaem ee SH Ue orton || OY a a> ee eY Il Za & QAaOM0 


Mm Ol se re NU TOM de WENN DWN nNNZo 
a co | SE el OL nD > > de | os ee ie a i aL ee eee EE ae GE Toe | 
°° Z2YONncaeae 20 2wyptMNZ2are Sear KeN rOS>-SZZINS 

SC—2 eZ eZ OO = OM r COONS MOM WH Uae dee gee CC 
Seer oy YY ke Re Jer oN TD ee KONE OF Cer DOO Ure 
~—-~ ZMK AX OQK SP SMewWw SBredZ~H~OOZF Se eae Zsa eZ 

Wiwiwe Si cB SUC AC UL SGeOouweud oui aaiGawee 2egw | 
mt DL) tet nt et et bet OSE me KE CO ee ee et OS LS O&O OO 


. =a ma @ © ner Oo | 
f~ — ¢ a eet Pes Cc mic) t's \ 
a — CC! ~ —~ et AIAN atest OD 


(a 
a 
rs 
8 
(o@) 
cy 
a= § 
<{ 
ee 
N ~ 
wd ~~ Ld 
+ « nn 
x © oO — 
O « old ~ 
cr x Y & 
ag o— ‘2@) bd 
= tt o- x 
iT) Yo -~ (eg 
So cae — — <f 
Coe Of Ge NY ~ = 
OL eee = +t x 
oo =e oC = * 
== -_ [2 @ ‘a a Comet 
-i e tom © — o~ 
== of ~~ & am <I fad 
Jy om-T= oe mt b— 
—- -oOow eG Ce | ~~ T PA 
OMOD ae ANY Ee oO tt a 
ce ap et om J aa) om = 
CO — =~ messy | rm mn Li 9.) ic an 
Ww a2 “Or ee @|l UDA —4+ > 
_ art (5 eA) Znim AaWN + m— gk <{ 
a wt ein te NOO ars OO <f eos ‘a 
ave ~— Tye o ee je Qwe CYA e mM OO 
ert > edt em FO OF Ow OAK ew Me 
CS an | ee 9 ee ee ee ed OO Ce) ee en 
ZO™—™ QawKe— ett CMT wo leo wmatZz’sr il fo ant 
one lel aan © SDP cok, * > ode Eon | ed Pe Geen Pee Cl le ae alee owe en -@ e e) 
r Il oe qeeS i iri nt gg age Lage ey 


“AOOrILAUTLODAoOAOAOCAOCAOSACCAGCVUO MOO 
NZOB Se Jee OYTO TOUORMI COC CADCU OC mu oO 


CI & NHN OH uy No} 
~~ wD 6 Oe 6 GO (2 
Sy oe wt Tf tf gl 


Papi) 


¥* 

an 

- 

<I 

a 

- 

Zz 

a 

Pa 

> 

<I 

a @ 

fa od 

<q -— 

+ W 

- Li. 

ae ~ 

= =. 

od — 

<{ - 

fe <I 

- ac al 
< Ee <I iT 
a a X& €& 
we QO - 
-— a 4 WG 
> —_ A WwW 
< ~ a2 & 
‘a @ <I " el 
fa @ Ge —-~— = 
<I oY cr a 
iW <{ - -_ 
— i — 
=, ae =F 
4 o— | om on 
Gu aX OY g 
a> O04 OO 
Se &§o Oe ee 
bem wt 1 = OC OF ® 
ae ellamm 


A™Mm—=A SAUL 
a= Zzil-oe 
ee 60 ke MP a ae aa 
~OO> Oda O 
Ie TIE SD 
CI eee eer 
(ei Eeenre 4 - Cae veg ee 
qTod se =a =X 
| 

~~ Le @) = 
fo @ 6 @) ~~ 

Sg oS f 


UTINE VRTNTR 
R=LPNTR+41 
=MRPNTR+4] 


ND-AH-GT 2%.) GO 


om om <I 

ee © 

Aa e 

> > ae 

Lt e@ 

r -— -— 

eo e( 

QIN e 

> > al 

oe ec 

AQIAQ] e 

~ -~ x< < oF 
ss eC) = =m oS eC) 

= Ci Nnmm =e @ 

od o Qe N N >> @ 

e FO eM oO Oo e eO 

7" al “mt @ 

mm © tte a) OQ ME 

eee O &A) Oh - e~ ac 

as ~ xx e 

~eees> = FO = C OC<EZ 
LO DI IOUS INNO MOOR OM SEA 
mT OTA, ONIN BO eN=> >> C 
ae eI OULU KOE Ol > Ft e eG 
QAMméauiwtrraqwy e eTOUIT eOK FEZ 


ne Yee tt et eT ey md dom OE OD et J OO 
ate TL HOw YI wee GF eat Tm oN Hi xe 
WN OCM WN det et th $e wee eS 
“OC > Mw x SK Owe w K IH KI OP 
met Iie im > > Test | > eT omic Zee 
m= ty mm 1 IKI SEV Ie KC EW 
Nee gthiwerexrydddqegaded il > ee eo 


RAY(2,ITJe1l1I/2*2.EQ.CIGO TO 94 


ne ot 
Ww 0 Oo 
oO NN oO 
© oO Cc 
ro OQ te 
- Cc fe oO 
© = © 
ame t © O Own 
a. ao) a CO pm 
LW ao = om oO ee 
Wm OO = AN -Oc 4d 
Wet © tw CO AN ke 
bh ew UO eu wo — mH O 
ar - Ww at ee W ob Mao eZ 
= ld ll aed [sa — (SO. extn 
mom oO © LW e~e W rane — —m~ er Ox 
te et te Ot ip KT & amt 0 
One ozmw WW COU WoW GAwrmet FE mm oO oO 
iw e eG e mem oO © =m “~A Jj — © TO, er 
> = ama = ==4 = Watm ea JJ e eFC =C mM 
Niet stots Stet TAM WS Brax e 
Za ec{ or e ect et ee © ete we COL all OC LL 
OA AIL eH OLLI este ete eB ew eS LL Om LO 
Otel ober WY te OOOH Oe 
> pe OO Ra ee OO ie OE 
aw OY) of COA oe FOO OW e>-MaO -WAO>W 


ON eH SOK AZO 
A0e~— NH ALE~—/ —-Azs 
Id>Y>a © e>Xe>a oe 


a | eed * Son eel ° Se ae a 


Set NO AO re AOE ers Ci 


IARRAY(1eIJe11) 


OFF ONAN Cee NESS WEANAMCINDZOQUMA de Added ade dy Me WoOOMAWYU Zea 


CSO NCO OMS SOI IMS KM KT KO KE LO 
OAM Ee Aaele eM i cme HY I Ie El 
PAWN BOUL wIOANTSWOLHVuNZLwetILuo 
SDL me Et et at (Sd a KK OK tees at DS tem me TL CT tp 

i ~ 


oO aah? 9) 
Oo” ao 


Lm OO SDI SO EO OOOO Se ST I TO 
Wik OOO ~— Kg08°AR20 <ct ZIeexK~~— 
Wii CuSe<d IuOweddCqQOunrCwilruwawu 
dome Pad toed (tot SE fret Pmt frome (teat SE ted beet (_) Smt) tet det () om ¢_) (2) ret O., teers 


On QO N faa) 
2 @) oO oO oO Oo 


hc it ho 


224 


=LPARRAY(2,TKe1l1l) 41 


PN 
AY (24145 1.1 } 
A OG 


TARRAY(291Ky11)+1 


AY (2,1 K,11) 


Caw 


dee AND. PP(2).GF.°.) 


wd om 


wr OT ON 


PP(2)).-LT.-1)G0 TO 94 


ze <I 
LI at © 
—_w 8 8 


| wom, 


= «+ 
<— ety 
eli Tp 
Lut OZ 
fe cOnse 


PP(3)).LT..-1)G0O TO 94 
a 
( 
Y 


eTNK en Tiw 
ewe be ON et ee EO Ow et LL HO 


“Ivwsc YY ANNO YN a-~-es 


reyYr A AS 


Lede ll Li. COLL 0 ele ee eee 
mt at CD mt) emt et CD) eet CD NS tt tS et CD et eT SD 
= =~ 


WN CS Bi 


fe} 


Oa 


> 


°*CQe ese 


[— 


lw ee 


oO 


os 
— 


eODC2>>F-O 
Dike ORO eee ere EINE Ie KI Ck 


“— wowwaA 


tf 
“Tt. 


W FACES OF WHICH THE NODE 
W FACES BELONGING TON THE 
CH MAKE UP J AND G 


WN POINT 


VUUOCUUOO 


TO 114 


CGO TO 113 


oS Iw lL ALY 


Swe oD QDI ot ow > > LOA 
PUI tweet Bree Ne Sa OTL 
Co ed OO lL SOR WW ae Ze 
Wm <tel > O> OW OLR NAK UrFNM 
amo ILE KI OFAN HOME ANI > > ee 1 o> > I emt eZee Ti 
coal Ee 4 eke 406 a> Oe Leek eee | 
K— WANYMSAEWNLoM™~ WWW WN eid deg dd if ee ON HU Z 
eM cl OF YUN EE NWLNNGA SS IIT EAaWNeM Nae 
Le OID et SEZ OO 
NWdequededu 2s auZ 
OWWWU wTta de UL OU No 
TD td mt pen Fmd (tert (ge tnd bt CS) tet Ofer 


uy ny ST 


=— cad 
co | oe! 


e 

© e: 

e 

CQ _ 

Fa med 

<T ca 

oa 

= <I 

® 

VY) om 

- mom 

Cy QO xi<l 

WYO SO e 

i UIs e 

Cre hm WO 

UO oh 

Liu OO] ep 

rN >~NO 

Oa o> e 

tly UW AI el 

aA b- x AI <T 

See ~~ © 

Li — oY 

OS cm as N co aa 

a | rn aN > e 

rom Nn — 1 & © 
uy on om be LL OD = KAO ~ 
—_ COO mm LL e© ->x< © x 
—~ ee Tuy oa b xr oe — 
Wi Ode N I~) +> 
| OOrda+e on a oO lu<t aw 
- qTaqvwurr -~ HO m— © Fach eS Ot - 
LW teh rem iam em Ai em en OH mem et > > CT < 
0 CO —~eC ZA OWN eNININGMO eNaA> eee a 
OntZ—~ ew eQWAakr- W wx eure CYOR fF 
ame We HA Ulm MUTT ewe emtyuWT en aieza+e — 
ZBQMHHAe STEM SRM WIN Oo 
eT << I KOM >> | Zz eMuwt 


au Del ole oN x x COO TUL 
PD cd ceed ed I Oe er LOO 
Me KO em KH KIN PY 


AIdqsexecdcexKxKEMNn i ilo 


SOON dM I KZ xX KID OK Ee KIO BOR 
Cma NiNaeeon yates henwonz 
ALUOCaHINS 2 KWH NVUWSE SLUT 
ad ed st Ket DS D> st De IT et Ly 


ont 


_ tO N 
AJ AIAN NI 
a ri od od 


Zoo 


5 
1GO TO 118 


-dai Ww 
zZzin~ Ny 
mot Os 


Wi SO ie 
OZO HMw 


NS IDE POLYGON-SEARCH SET 


= 


= 


ad 

om P- 

CN) 4 

7 ond 
A. 
a} 
er LU 


TO 117 


on 
NOd 

we COLL 

CGC mo 
Am i + 
YY —_— 
aT + 
aACxw = eo 
-+2cex o Wa Pa oe) 
om LL TE A omy |} 
gaat pang toms — 2 YE 
— ee Trea2szZ 
SNS Ser awem LS 
z—ailtu =A e@OMnc 
~Y e WO SHU 


NR (IK) )GO 


“~~ eNO me I St es LL 
ax ow at Tl oe Ee DL |] Dawe tt D 
qew CO Z2ZOoemOqadeZzoaaogrrviacrvZse 
O2>>O0 Crealtletiemm CQOZe rao 


be OK < <L  t  p 
EEO ew 
TT Ey age AGS TEL - Gans ay 
Dm eT <I CO OW 
aa) WO Le @] 
fa — — 
— ~ —_ 


OO 


Gm J LOxxs SiS 
2 weer ew COO Se 
WOW MAGWws sUOL 
poet CD) CO Kt tet tet tees CL) 
oO Sip 


— i= 
od oat ol 


be 


TN 


ee Se hie 
FOMENT IN 


ALCULA 
EY Pais 


ee 
C 


f- 
A 


Zz 


PT ae OE, 


WY 
[ae 


f= -- 
>= 


Wd.) wi me oN ped 1 2S thi 
Our © e@ NL ee aeANO FNM DMA cdwo eo 
XM) © FPOHAIM & & ot KF wat wy ecI CN) o 


bh CS i oe re hw em MOLT ILAING) oN eA yO 


ow, 
—_— 


en 


them > UT O LES FOO KE TN wwe twee KO 


SUNY Owe TI eI) TE OO es I mee D> Hee > PL 
aS MON ome IE Ke LIOINNN od dae DOR lL 
Mme ZkYDWS J SS I EN Ke Va IYI ZU om 


re 

=~ 

fee 

oe Oe 

> 

LL! o 

pe bee TT 

(fy oe (" 

Liy TT ~~ 

fe) oe 

eta 

a 

A> I 

Fag | Aas 

Lit To mee 

Nha 

} =— >< 

— ~~ = 

= ee Gail 

rt ae 

wc aed 

_ oe 
ale Pages| 

—~—C —> = 

oO ~ Y eC 

eO@s apc < 

=Oc Cé< 
tlm A. eee} 
x «ell CJ) x tje: 
CLF gmnd Ot — om pa ei 
a UN e GC 


ok Comm me ol) Fe ee 
~~ e> 2© © TT NL> WH! 
med LOCr> 
SoS set ew 
Y LOC Tt Lewis 

et a 
QF Ld eee 
=O — > > pe) a 
wa > KO ee 


— 


Am SHA Qi ew 


e et” 
= — -! 
ee 


eeews,t 


se 
cir Om omy | ) 


Zw MCdIdQOCCww ern er HEE UL ee ke Seer AUMNQ Slee Se 
eh A ee Tcl hn? Oo Oe Ee DP ad ad oP od ool ee Led OES er OO ane On, ok ie Oe 
coat en Lee | ee de | a, OE EE oh Ol a <a ee 1] || ao poems be ¢_ ow Omelet th WRAL I www Sw. 
DIRE AOMAKAUN NEMA nNw— FUN HOLM WL Ym rN TH 


De Sr BLN aa LO YO MN GO mre ened Owe Du wer tu arg Ota LO 
_—YXWAeE CA MCA GCdOCAOA—KHH NUCH OGrEP Sd £O0C RR re SSK br Be 


YO 


Crddqe2Zsc2utnunnridnaeaanawa aa adwae 


Se SO Sa til 


Pe ey les ere CU et a tN, CU ON ee ee Se ee eae eae ee ee Sed 
bet pot Pt tet tt £1) frm ee NO > Ne I et et DOT 


maASo 


—_ AJ 
© & 
a 


t i) 
—_—— = 


fT 


— 


~~ 
= « 


| ome 
eae lee ee Oo 


Z26 


or & 
- =~ e 
a) ui > {3 
* fm Li e 
be om Ol = 
ce WET as) a 
") Ir — ) 
m Or oe ~ 
<I — > <I Qa 
° Te e Q. 
ae) > Li Oo ~ 
= oe <= LJ 
<{ Ww <q (o@) 
e t= ° co 
: (9 ae a) fo) 
Oo ty SK FAS © ee 
e xe ++ 3 id 
-— >< LW NA b= <q 
| a) =z Mam (9 <a 
e UWilWwO <q <q e bo § 
ws SEL ec ond o 
<q aqQo> Lae <I fe @) 
° aad & — | e co 
ec >} ul tr ott a 4 co 
CS *e oz NAN O > 
e Wikio eaToeloa' e -~ 
e TFYUY Ada e © CG 
Oo YOOX OOO Oo mn =m gma 
ee mw oO BVP e O om tt eer 
—- CX T tmnt Qramd teed - = wl) 
a «ODO -— & ae aa, Ge ee] a) 
e (za Wie ee -_ Wit a. 
xr WOT iin Be zOWM 
q Law>O Wwe aq © Om 
e (> aD e eS e 9 a ee 
CO ele tet © Oo = wat & 
Zz DEO e eOD = « — we <I 
q >C—¢ —br- <q e rox 
Lu ee #wJtW wwJwJ0 a ea e W Mdefe 
Iw © We K ZS ee eZ OO ee z Or OX uw 
OF CW Kewwe 9 eNO =e OC © HCO 
—=—FIN ee ONNRH JSTIetdIetIms e = Ide 


Dade SS ZO HM KOK SOK ORE OW It tw 
ASAI CSIOKNNKE Www FH UI I DOM ee 
"oi ee I= ONNY er ee © O20 


On we 2HUNwCw~w S22 £22 ~~ ws AOIK 


wT aA A O eed uy —_ oa) 
ond | ow 4 ons Cc © 
0 Oo O © ©) S @) OD ~ ~ 


O 

| Es 

-_ am, me ane, 
on] Ww Ne) e 

(@ a oa. ‘) 
=z = =z e 
LW Ly LJ -_ 
- - bh J 
* a & e 
N N N » a 
~ nN x < 
= ~ & @ 
N= NS Ae an) 
<= SW NO = 
0. QQ. «0. <q 
ast xe F TZ ® 
> Welw > LW e 
~- oh op ) 
=a stan tt ow @ 
xKxN FN NIA -_ 
o> te | >< ee) 
—_ _—_—p = & e 
AN NN CN J 
“>< a> tel Sd 
— A ww OB ww & C) ® 
Nxt Nest Nas ~~ 
xO> ON Ox © 
xo ef Ar ae Oe 
“Ya Yt Wt fe eo 
eax O> AN © 
= 6 Gees + 26 
~~ om (nem am Oh 
Om OL em OT ee et =O) 
reCOw we Ale eC 
OHO HD HHO DIL 
sO =~ Gf Oct 
m~NMWAe Wa NWeow Oe 
-O= O=— O=—- UO 
Nast an am Pe 
aVYw Yw Yw pc 
~-Ooa ma fa se 
“Oa Oa Oa ee 
SNMTNINATNWM aa eo 
ale” Se Ee ee, 
me ASAP QV AV) KK wm 


rod ta el te CY) 


T= “J mm TS 
Ons - + 
~ p ~ ~~ 


-YLOWE)/ (EXAMSL-CRNTSL) 


0001)G0O TO 69 
L 
N 


626 


NOS 
OO 0 


Uw 
“GJ 
Ne) 
© 
= 

GJ 
fav] em 
= wo ae) 
bo bm <X - 
WOUOx«K OO ~ 
AWW - aw 
<ae —Y 
=m 1 OC —_ 
Ba Td bed O) ad 
rinre—= OF 
ame cul 


ZNnNYK mm 11 GO 
OC. OF OC OE st on et = OY LU 
—KMEZSZ POKWUY 


© 
N 
Oo 


HMO 


Kw ww dP eS ZO COU Mw wr tl Ow ZUM IE 


at) 
NA 
Soke 


RD, Ey Gaal 


GTeC.)GO 


x x< 


UO | ——= ae e 
© ef NOOrO 
LILY es o> >Z 
Wim a em oe 
pat oe er OF OY OO e 
OOo Cdia x «K e 
wee juvu (fi) © 
Lt HL) ee LL te tant td a) tL DDE he 
ITrI~l vdoOonttwmwmwwwO BIA eH OKAAIZAQNN 
OMe Nake bh ZX dad OND HAO See Cea ees 
ZLOYVOT ee SOODNDCOVCOOCOOSOZ OK HOC COC LOCOS NOQONGQO SF O22 LOO NOR ee POC Ieee 
Ue Et ee a a Saat Oe Sie te 
VOOOWOWILUZEW OS Os OUOUOOR Da KMOULTOSDTOsTXMUWOUT OU Ker OK SIZ SMa UWOUWQWOZOOVUdCr & II 
wet vet CD) te OR EL os ttt ee CO OL POM OMOO ADO OAT OM dd eee 
mel] wd 


Ta) 
N 
0 


pom mmm LO me em tee tee ee >) et) 5 a DK > EO > KT 


ZZ] 


e 
fs 
OP 
J 

= 


CECA. 


i 
Lib be be 
a ee 
CU e ex.s 
m OU OWI 

ad 
rm YS 
CSC oO 


Ud LL 

BBD & 

Ow 

4 bod 

@ Gia. 

x >< 

le ~ 
= Wu 
uj “EE 
xz co 
Gh I) 
Uj SOK 
“A — we 
and od 

a ore 
CO << 
OF Fs 
wit <I 
a | | a o 
ad U.P (OCD 
CON ae 
<I a 
hb NO) K€ o< 
Db = o«lf\ 
we tse 
— OOO ~ 
a..O@2 oT: 
LL Q_ am >< OC 
Lu owe & 
LOOP 
aw xZzO 
NWI <oe 
| 7 on Se Te 
Ia qu 
TT) from ee wee LE 
OW CO ae J 


< ec xa 
ao Madr | 


WUTRLAAEN-E-NSE 
~OWw oS SS 

ee a Lt me 
me Oe <I ee TOO TD 


Len 
~ 


UW 


GHT 
EET 


eo «CC 
ee “OK Zoe) 
OCcOe 
mt od ad OW 
x>>e™ 

a we 
> a eh oe | Be 
ex Zo 
UL) <T om 
> a oe 

I< 
VD) we wer LL 
rt ead ped 

ax<< 


Lim <D pete od 

GaN ANAONS Skt and Mater lax<satosrw 
~- HONOWWee qr ntwonwnoecaetalTi t wot word 
S>LILZunoake KA Oh HOCOke KO ZZ 
NONONCOG ER eRe BOO SOW eRe OOO OU ea 
Sw LONNke NXE RED 
OW rPegm S2> Ze 
wt ed by rd met ee CC CS 
<a > TOP> HOUR 


~ 
~~ 


O 


GHT 
EFT 


— ee 
cf Lf 
ayoat 
0 oO 
rc rc 
_- - 
Sia Oo _ O 
—- Cre © N 8) wT 
So © tf tf t 
OnwO= 
DHCD @ S ‘ap 
om | — | -— - = 
ol gel 0 
eu ell —O© = © 
MS weed LLY ced x<C YW © =J am (9 
(5 0D e on —_— — —Y) <— 
en) eA) e °° = a = { e@ Zz 
AIX AI > wot ea nO wx Pa er (as) 
~ em OC pt > * { e ) e oY ct © <{ 
x > ee lo CT) eer LLL ~N Oe .) Vay we Li — 
Odemidm OO 80 ee matt oI m © ~ NJ K ad & 
CA,+OA>OZO2l >> Ta OS ~ e -~ og J © -~ 
ZN DSDNA UIZEIZI od H“Yam ow ! oe > ~ Mam o - 
mOAA MAT ete AQ Nb j= x e j N\ oll meee o> 
EZIVNMY et om NWN aZOO a+ Oe « aa) Zao ew 
~—COw Ont | os | Oo Twuwr | WW ewe Tf aN  *o. 
Luk “hr © © © e@ 7) “Oa = ~~ 2Y = sad oz NH 
Pte tage a eee areal Sed mabey em + ert Ze NS Crem ZNO 


Sse ODOO4IOS Fe a> PN At KAN COU WF PN est 
mre ere ce 0e ew re Tiber yp rt leila ky Il HA DPT HY 


Q”NWIN WA Se et Se YS IO HW II — jj) =P FW Hi G 
CQ Ke Oe OKO I be OF OOA CO GOoOAC Fan OUrtCaAanosZ 
CONN NY a tt Nr rt ee SIS KIER NS be eS ER Ne SEP 
OD tN CNS ee wee ee wer 0) Oe Pe ee UL awe ti ee la a re OU >< 
DM MO OU LUT OM Lee a kh et a Cee Ou ee Oe COFFE C il 
A A tt tre OS gt ee ee a OK POP MOxX> ORM 
aa O TF A uw CUA af) OM Cie 
COMNQUINIGN NS N A (eT) a PIN 
rrersy SF x rv Tr tre 


228 


Y(JOSPLY) 
=JOSPLY-1 


<> qQMNOOWWWOW 
> et tome KD DO KE OIL 


md 

a 

a. 

oo 

= 

— 

a 

= 

Lu 

_ 

ty 

WY) 

© 

~ a. 

am! VY) 

—_ 1 fo @) 
cm J Cc 
~ f= — ci —_ @& 
Wee ~~) “—~— QO 
Ow Z & mot a) 
ZaIOt om Fe + & eo 
—mHUqo ZO ZO 2a 
a=W mG = me OM 
a Oe dl ee 
wdeiew A~ OAa~ Oc 


Ls <I Uh ot cI UL et LU cl 
yale Gd 4 ool | * 4 el |? 4 
=" SON IAN IW YO WwW 
eid fd dt oe 


=< Il Wt wnonag 


Ch Om be Dome Om 


Co il SODISZAVZAY ID 
~rF-OUCaKCOMUOOC dus 
NZDIOOATAOMAOOOr 


ce oO © 
oy Co on 
-— 


es (CLTARRAY (CT yNPT, 7) 
8,13) 


J=1,6),( 
22),J3=8, 


1,LSPNTR) 


TUS) pYSTART( J), XEND( J)» YEND( J) 


FCC I) »l=l,2JPNTR) 


DATSTR 
V(LSTFAC(I),I 


F106, 702X,214)) 
C6) 


N 


MAROC OAAerOorQrnoocow!)”™ 
NFO OSSESOBOUUULILYG Ou 


OCocoo 
Danae 
mt ty Oo 


) 
L 
ARE RETURNED 


NORMAL TO THE PLANE 


2 
3 
= 
l 
D 
S 
) 
{P3(3)-P1(3))-(P203)-P1(3) )*(P302)- 


3)-P1(3) )*(P3CL)-PL(1L))-—(P201)-P1 01) )*(P3(3)- 


O am Ema ot 
Care ed Zone 


zzZznw TOdaocd } 
—O ZO -~ 
bm mt) eT me LU LULU Lu ON 


1)-P1(1) )*(P3(2)-P1(2))-CP2(02)-P102) eC P301)- 


2)-C¥P103) 


et ee es ee 


2M IDC L Yew wr H NNN 
OSTA Bree & IN ARNON OME eS 


fo UU) aANaAMmaA Adaaa 

c= wee ere | il || fl 

—) (me a mm dd 

MO Za mMaOAOdt TWH 
= cmd comme 


OVVOOUO 


229 


see peal 
= CC 
= al Of 
WO >O + j- 
% zam 2) 
eS “)/) ot = 
+ mao « ‘ain 
= com Ss 
a oe ow ax 
4 tt ome DC a 
co Ite 
me a ob ” 
— of <f WY 
<I qu Zz © 
% -—x< I fe 
<q WIG’ & =) 
~ The VY 
~ bh <I + Wee 
—_ ast — ro 
an) on a oe fe be 
+ Mero O 
- AWA “us 
om) Pond wee ULj => 
~ tox ~ be 
— Z”N@& = ~ -_ <q J 
— > od) ed Ww N = ON z= -~ aw <{ 
a {tu < ome Ww — mm ae 
+ Ouw= — © on © a ~ —QOO«-<-— 
=) eO I & = od bh =. - am MO) LL) mA AIO) od 
al <I 3 - o Ww iT CO) wer TY) ee ee ee 
-_ =f &>- N © ame a) b= — eQUZOOD 
“I NIU +> om ©) ‘am VY) So) & ~ Oe Ut te 
= eMu— | =~ baad Pron ac. a emis ——— 
=_ > ef — — — O— aay — wu (T) _— TYAS Onin 
a oe <I> « Wi =! OC ——— oa C—— ad eet at pend () eae eet eet 
OHA xT ee — = —_ za LU = —_ Od <= ND <<a 
% wee we — OY) ww LL) — Ow Ow ho QA=O bond MenmMit It 
CO ot od ot =e ad —Y Dom OL Am = IO - a. oes O90 °«-- 
+ J mm Iya Wn Oe —~ WY Am WwW Li = 8) fa @iaale Go Most nlay 
—-o 40a on et O=_— We ad Of = = cw }- wwo uj me OK OO = ww ow 
Heo + Wc, <= —_ lU e aNewe = LLi © ramet ot f— me OC {Ou Oa @ 
~~ bb Qk “Le La mi Lise | Ww me + Ww at we HN WwW WM #k#* 
ae KK Ort oe <_a- aL) mt nd) z<am ew —-Z e2zaeonr = LL aa QSfS-- 
pn Woes | ™UOK ST mC ell eu om mt ete Al eu fl Wu OO eN FH eX mY) CMNea 
O<acw CN KK we pew > [FS Oe mee & |] FO + —D- p= CY o = =e fe md pd A ee ee ae 
eunnnua m= o> il <Z 2k SL SO et IN Sm OMA WNW UN Zh IMT add!’ 
q{ornm = a aoe te Gre a 4 OsmM Il =O oe we O22 Il fo pont wee er ht CY OZ ew Xue Wada C2zeanhnuge 
we MIO > FD ee) OW et CD i tt et bm CO ULL at ot tt pe oe fee — CWZOoODODZ=z ac WI — am om > 


230 


| wer z22WodtO CAH wWSeeNNrFO SEyeo MLNS O Ofte de ae Oo Oe Oe mM 
wHadoauw > OmWwawa Se WOW Out oe a NW WOW Oman OW Ss Some WW ts LW Co — wwwll Zz 
MOA CW Wwiworortaw NOS wt Ot CS es ss OL NO SOMO JIC W NOm oO of SU uw MO WOO W 


—-_— wo 
aA NM _ N a aM 


a aed 
~ O Fa) 
oN ® ad Dw 
~~ o& N ad = ty 
CO eer oa il wm 
~“—Yie OLE ue > =. 
>C~—~ Oe oe xm -_ 
2a> =o = age P-4 ° 
“NF Coe e orn, ~ 
Om elf ext — et ~ 
MOT INAOMINn Oo ox « 
e e(JUctr eee ¢ p= ud == 
e~oe m= (LLCO of Pa za } 
Tt een © & eK CY m= = - 
QD em ok NONMLL tj I< ° 
ef TDe — @Oe4 or AS w el 
PTweAO lle LNUWO eo z= ¥C - 
>< eOQ<el emi ee Lue tu ° 
We SIU re ell oN tl =) (a aii 
Them oe UMe ete gti —C> <_ j 
meer tlin D ell ei} U ow Ot Ne as 
os: Tic Done mnict ~ ~ mauled jee — 
mm ke em Cr eG Ne C_q UW o 
Me ele AjwRmw? >~we SCC = al 
CU & eri >m> ile ON MIke Fk Y z 
NeMu KU Seu | A&C >o rad ou ~ 
TAOUALUNAHM>FU x“ “Ke ZI YN + U! a 
zN TC ee eMZWOW aon ww <I <f za om fo = 
Fed >Oe OM > « aa>aD> ul “NY > 
KIust e elle Wore CO re xK OC Om Oe: (> C. 
Oui S—Alin eCe eo erm LUZ NM Lut + us 
eFO<KIMAN Ke | <A! asx oll FX —j—_- lm hme 
<INICO eLaAN ox Mat —K em (COO oe Wu YY: -~") a: 
Fe Oe ieee NOLS SLL om f Ox ons. —re = 
Uji IW ewe ew eH & oe Veta eC OF = ~ | ~ 
COWL meee KO ee DOO & ZewQOZ DO -——_ et ed > 
tl e Hi eD 0 te wer ond bet wt Li! 7 ~ ao we | >< 
<> mmr eNO Il Orvc_initio & “"- 97 =e ee 
aT ee em Tt ems aatY > enc a a | wwe? OO tee tee <_ ~ o 
WOW <I ww OWaeu Uu > Zeer Ore ANA CS x 
SUPT oeud easly i on SP 2S A ad ~~ xX >a Dd < 
STO ADAN ens eo oO OC we <T LU Us Noyes Pune —- mw 
an DS Oe Do oe © CRY CR WAL > em ee bh 
Curdweurjie itie «KOO Ahi} J wt jl OM Ne Il > — 
Lhd inks OE Set jf] om am om Ls Zwa 2 leer die -_ - 
Pt ak on 2 Gal Oke) a a ZZ HAWN ee SINAN O97 N | & 
mC, ewe Se ANS mt i NT Kt et 
hm SC et Il —PS>> 6 no tat ond) —_—- HW e eww I] © oD Wa 
a la eel oe Ge ae a Oe DNMWATwHLMNS Il ner Row Te Coole | Oe | elena 2 See la dt 
Coal <s2a 2s ee CeZoOOrfZaw kKwewAQ wwe om OO 
XYSSre ev ze DuiWwND OY LU is Lu em ON SS CE LWW Lo OE Ee ee Ae 
Oe et CS maz -— Ii Wate IZ eS > eC 
aw IU KO SPSL d —) tt MOO Vea anak BOX Se 
MU S> £eeLie Ge & © AYU gs A ae S22 DMOACx>CCGOZO”»OTL 
a rt ACMI OS 
— pend ON 


COULOUO 


age \y 


NOE 


is 


LZ, 


esi 


BIBLIOGRAPHY 


Anderson aG.. b. > vhertran, K.oR., Conn; KR. W., Malonquist, K:°O., 
Millstein, R. E., and Tokulos, S., "Design of a Time-Sharing System 


Allowing Interactive Graphics, "Proceedings of the 23rd ACM 
National Conference, p. 1-6, 1968. 


Appel, A., "The Notion of Quantitative Invisibility and the Machine 


Rendering of Solids," Proceedings of the 22nd ACM National Con- 
POMeNeGes p.eJO1-395,, 1967. 


Appel, A., "Some Techniques for Shading Machine Renderings of Solids," 


Proceedings of the Spring Joint Computer Conference, v. 32, p. 
37-458 1968. 


Barlett, W. Sas buscim @k: J., Flyna, M. L., and Salmon, RB. Lb. 
“SIGHE a, Sate Pinte Interactive Graphic Terminal,” Proceedamacmor 
the 23rd National Conference, p. 499-509, 1968. 


Boehm, B. W., "Tabular Representation of Multivariate Functions--With 


Applications to Topographic Modeling," Proceedings of the 22nd ACM 
National Conference, p. 403-415, 1967. 


Brewer, S., "Data Base or Data Maze? An Exploration of Entry Points," 


Proceedings of the 23rd ACM National Conference, p. 623-630, 1968. 


Brian, W. J., "A Parts Breakdown Technique Using List Structures ," 
Communications of the ACM, v. 7, p. 362-365, June 1964. 


Comba, P. G., "A Procedure for Detecting Intersections of Three- 
Dimensional Objects,'' Journal of the ACM, v. 15, p. 354-366, July 
1968. 


Comfort, W. T., "“Multiword List Items ,"" Communications of the AGMs 
Ve ete oo oe. June 1964. 


Cotton, I. W. and Greatorex, J. R., "Data Structures and Techniques 


for Remote Computer Graphics ,' Proceedings of the Fall Joint Computer 
Conference, v. 33, p. 533-544, 1968. 


Dertouzos, M. L. and Graham, H. L., "A Parametric Graphical Display 


Technique for On-Line Use,'' Proceedings of the Fall Joint Computer 
Colmerenecens 127 mapa Ol-200. 1966. 


Dertouzos, M. L., ''PHASEPLOT: An On-Line Graphical Display Techni- 
que,” IEEE Transactions of Electronic Computers, v. EC-16, p. 
203-209, April 1967. 


Erickson, W. L. and Soller, T. M., "Computer-Driven Display Systems ," 
IEEE International Convention Record, part 3, p. 72-84, 1965. 


232 


ee 


ee 


he 


Ls. 


lee 


ZO. 


Zan 


ae 


232 


24. 


a, 


26. 


aia 


Freeman, H., "On the Encoding of Arbitrary Geometric Configurations," 


IRE Transactions of Electronte Computers, v2 EC=10, py 2o0-Jaee 


June 1901. 


Freeman, H., "Techniques for the Digital Computer Analysis of Chain- 


Encoded Arbitrary Plane Curves," Proceedings of the National 


Electronics Conference, 


Freeman, H. and Morse, S. 


p. 421-432, 1961. 


P., "On Searching a Contour Map for a 


Given Terrain Elevation Profile," Journal of the Franklin Institute, 


ve 284, pwel-Zon ey ee 


Freeman, H. and Loutrel, P. P.,"An Algorithm for the Solution of the 


67. 


Two-Dimensional 'Hidden-Line' Problem," IEEE Transactions on 
EC-16, p. 784-790, December 1967. 


Pleectronic Computers, v. 


Galimberti, R. and Montanari, U., "An Algorithm for Hidden Line 
Elimination," Communications of the ACM, v. 12, p. 206-211, April 


IG 


Gray, J. C., "Compound Data Structure for Computer Aided Design; 


A Survey," Proceedings of the 22nd ACM National Meeting, p. 355-365, 


[G7 % 


Hagan, T. G. and Treiber, R., “Hybrid Analog/Digital Techniques 


for Signal Processing Applications," Proceedings of the Spring Joint 


Computer Conference, v. 


Hagan, T. G., Nixon, R. J., and Schaefer, L. J., "The Adage Graphics 
Terminal," Proceedings of the Fall Joint Computer Conference, v. 33, 


p. 747-755, 1968. 


28, p. 379-388, 1966. 


Htitwit2z, A., Citron, J. P., and Yeaton, J. B., ''GRAF: Graphic 


Additions to FORTRAN," Proceedings of the Spring Joint Computer 
Wenmterence, v. 30, p.« 553-557, 1967. 


Johnson, T. E., "A Computer Program for Drawing in Three Dimensions,' 


Proceedings of the Spring Joint Computer Conference, v. 22, p. 


47-353, 1963. 


Kubert, B., Szabo, J., and Giulieri, S., 'The Perspective Repre- 
sentation of Functions of Two Variables," Journal of the ACM, v. 15, 


p. 193-204, April 1968. 


Kulsrud, H. E., "A General Purpose Graphic Language," Communications 


of the ACM, v. 11, p. 247-254, April 1968. 


Long, C. A. and Gray, J. C., 'ASP--A Ring Implemented Associative 


Structure Package,'' Communications of the ACM, v. 


August 1968. 


ll, p.| 550-555" 


Luh, J. Y. S. and Krolak, R. J., "A Mathematical Model for Mechani- 
cal@eace Description, Commnivcartousmoarenie ACM, v. &, p. 125-1298 


February 1965. 


233 


Igoe 


Ze 


30; 


a 


oe 


Bor 


34, 


bio 


0) 


one 


on 


oo. 


GO. 


41. 


G2. 


Massachusetts Institute of Technology, Lincoln Lab, Report TR-296, 


SKETCHPAD: A Man-Machine Graphical Communication System, by I. E. 
Subberiland January 1963. 


Massachusetts Institute of Technology, Lincoln Lab, Report TR-315, 
Machine Perception of Three-Dimensional Solids, by L. G. Roberts, 
May 1963" 


Massachusetts Institute of Technology, Lincoln Lab, Report TR-405, 


On-Line Graphical Specification of Computer Procedures, by W. R. 
Sutherland, 1966. 


Mclame;, R. GC. and Wodsi, J. D.§ue Symbolic and Pictorial Displays ten 


Submarine Control," IEEE Transactions on Human Factors in Engineer- 
Ing yey HEE-O, pee loo loo. Sune mon. 


Morse, S. P., "A Mathematical Model for the Analysis of Contour- 
Line Data," Journal of the AGM Vee ls. pe 205-220), April loca 


Morse, S. P., "Computer Storage of Contour-Map Data," Proceedings of 
the 23rd ACM National Meeting, p. 45-51, 1968. 


Morse, S. P., "Concepts of Use in Contour Map Processing," Communi- 
Cations o@ the ACM. v.12, p. 147-152, Marcha 1969. 


Naval Postgraduate School Computer Facility Technical Note No. 


0211-03, Plotting Package for IBM 360/67, by P. C. Johnson, February 
1969. 


Newman, W. M., "A System for Interactive Graphical Programming," 


Proceedings of the Spring Joint Computer Conference, v. 32, p. 
47-54, 1968. 


Pfaltz, J. L. and Rosenfeld, A., "Computer Representation of Planar 
Regions by Their Skeletons," Communications of the ACM, v. 10, p. 
119-125, February 1967. 


Puckett, H. R., ''Computer Method for Perspective Drawing,'’ Journal 


of Spacecraft and Rockets, v. 1, p. 44-48, January 1964. 


Rapkin, M. D. and Othman, M. A., "Stand-Alone/Remote Graphic 


System,'' Proceedings of the Fall Joint Computer Conference, v. 33, 
Pea? ot 7 oowe19og, 


Roberts, L. G,, Graphical Communication and Control Languages, 
Massachusetts Institute of Technology Lincoln Lab Reprint MS 1173, 


November 1964 (AD 626882). 


Rome Air Development Center Report TR-67-310, Promenade--An On-Line 


Pattern Recopnition System, by ©. H. Ball amd D. J. Hall at’ Stanford 
Research Institute, September 1967 (AD 822174). 


Ross, D. T., ''The AED Approach to Generalized Computer-Aided 


Design,'' Proceedings of the 22nd ACM National Meeting, p. 367-385, 
1967. 


234 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


BO. 


elie 


a2 4 


Sproull, R. F. and Sutherland, I. E., "A Clipping Divider," Pro- 
ceedings of the Fall Joint Computer Conference, v. 33, p. 765-775, 
1968. 





Sutherland, I. E., "A Head-Mounted Three Dimensional Display," 


Proceedings of the Fall Joint Computer Conference, v. 33, p. 757- 
764, 1968. 


Thomas, E. M., "GRASP--A Graphical Service Program," Proceedings of 
the 22nd National Meeting, p. 395-402, 1967. 


Tilton, H. B., "Principles of 3-D CRT Displays," Control Engineering, 
p. 74-78, February 1966. 


Van Dam, A. and Evans, D., "A Compact Data Structure for Storing, 
Retrieving and Manipulating Line Drawings," Proceedings of the 


Spring Joint Computer Conference, v. 30, p. 601-610, 1967. 


Vlahos, P., "The Three-Dimensional Display, Its Cues and Techniques ," 


Information Display, p. 10-20, November/December 1965. 


Weiss, R. A., "BE VISION, A Package of IBM 7090 FORTRAN Programs to 
Draw Orthographic Views of Combinations of Plane and Quadric Sur- 
faces," Journal of the ACM, v. 13, p. 194-204, April 1966. 


Wright Air Development Center Technical Note 55-747, Coordinate 


Systems for Solving the Three-Dimensional Flight Equations, by 
R. M. Howe at the University of Michigan, June 1956, (AD 111582). 


Wylie, C., Romney, G., Evans, D., and Erdahl, A., "Half-Tone 


Perspective Drawings by Computer,'' Proceedings of the Fall Joint 
Computer Conference, v. 31, p. 49-58, 1967. 


Zajac, E. E., 'Computer-Made Perspective Movies as a Scientific 
and Communication Tool," Communications of the ACM, v. 7, p. 
169-170, March 1964. 


Zoos 


i: 


INITIAL DISTRIBUTION LIST 


Defense Documentation Center 
Came rom rotation 
Alexandria, Virginia 22314 


bvprary Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Naval Ordnance Systems Command 
Department of the Navy 
Washington, D. C. 20360 


Associate Professor M. L. Cotton 
Code 52Cc 

Department of Electrical Engineering 
Naval Postgraduate School 

Monterey.sGa liternia 95940 


Lieutenant Robert Bruce Desens, USN 
468 Beacon Hill Circle 
NoctolkeeVireinia 23902 


Naval Ordnance Systems Support Office, Altantic 
Bldg 62, Norfolk Naval Shipyard 
POrtcmoutm, Vieeinia 25709 


Computer Laboratory, Code 52Ec 
Department of Electrical Engineering 
Naval Postgraduate School 

Monterey, California 93940 


Computer Facility, Code O211 


Naval Postgraduate School 
Monterey, California 93940 


2510 


. Copies 


20 


Securit Classification | a 2 5 _* af 
DOCUMENT CONTROL DATA-R&D 


(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) 


1. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION 
Unclassified 


Computer Processing for Display of Three-Dimensional Structures 










Naval Postgraduate School 
Monterey, California 






3 REPORT TITLE 






| 4. DESCRIPTIVE NOTES (Type of report and, inclusive dates) 


: Electrical Engineer's Thesis; October 1969 


5. AUTHOR(S) (Firat name, middie initial, last name) 







Robert Bruce Desens 


REPORT DATE Ja. TOTAL NO. OF PAGES 7h, NOMO EIREES 
Ret obe 96C 236 52 


68. CONTRACT OR GRANT NO. 9a. ORIGINATOR’S REPORT NUMBER(S) 







6b. PROJECT NO. 


9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 


10. DISTRIBUTION STATEMENT 


This document has been approved for public release and sale; 
its distribution is unlimited. 


11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Naval Postgraduate School 
Monterey, California 93940 


. ABSTRACT 


The field of computer graphics applied to three-dimensional space is 
introduced through a discussion of perspective transformations, data 
Structure, contour lines, and the problem of hidden-line removal. The 
transformation of three-dimensional coordinates into two-dimensional picture- 
plane coordinates is developed for twelve degrees of freedom, allowing the 
Simultaneous movement and rotation of both the object under view and the 
observer. Basic concepts and requirements for the structure of data and 
ideas for the use of contour lines are discussed as a relative part of the 
field of three-dimensional computer graphics. An algorithm for the removal 
of hidden lines is explained for the case where the objects under view can 
be assumed to be constructed of bounded plane surfaces. 








DD 2.1473 (race 1) 


S/N 0101-807-681 1] 237 Security Classification 


A- 31408 


Security Classification 


eC CINK UA 


Perspective transformation 
Three-dimensional computer graphics 
Contour lines 

Hidden-line removal 

Graphics data structure | 


DD wove 1473 (BACK } 








238 Security Classification A- 31409 














thesD4503 
Computer processing for display of three 


DUDLEY KNOX LIBRARY 





